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Abstract
Baker, Bradley Wayne. Ph.D. The University of Memphis. December 2019. Southeast
U.S. Severe Thunderstorm Climatology and 1932 Tornado Outbreak. Major Professor:
Dorian Burnette, Ph.D.
There is a poor understanding of severe thunderstorm variability over the Southeast U.S.
due to the lack of a reliable, homogeneous, long-term observational records. A potential
avenue to address severe thunderstorm variability involves computing environmental
indices derived from reanalysis datasets and use those as proxies for severe thunderstorm
days. Unfortunately, reanalysis datasets have known issues with inhomogeneity that are
not related to climatology. Thus, this research first sought to reconstruct a climatology of
severe thunderstorm days back to 1925 from the Twentieth Century Reanalysis (20CR)
dataset, while developing methods that potentially minimize non-climatic
inhomogeneities. Severe thunderstorm day proxies were reconstructed from 20CR by
computing two separate time series using two thresholds of the significant severe
parameter. Analysis of each time series included change point analysis, two-proportion
z-tests, autocorrelated conditional Poisson models, and verification of a random sample
of days before and after 1950 using archived sources. Results suggested an overcount in
severe thunderstorm days prior to 1950, and a bias correction factor was determined and
applied to the time series that seems to improve the estimate of severe thunderstorm days.
The Southeast also has a high climatological risk for tornado outbreaks, and several
notable tornado outbreaks impacted the region in the 1930s. A particularly deadly
outbreak occurred 21-22 March 1932 across the region, but no formal study has
examined this historic event. Alabama suffered the greatest loss with approximately 268
fatalities and 1,874 injuries. This research reconstructed a series of surface maps using
iv

archived meteorological observations that depict the progression and synoptic patterns of
this outbreak. A comparison of these surface maps to 20CR derived surface maps
suggest that 20CR generally reproduced the broad synoptic patterns of this outbreak.
Further, archived newspapers and tornado databases assisted in describing the societal
impacts of three violent F4 tornadoes that impacted north and central Alabama. The
findings of this doctoral research contribute to the understanding of severe thunderstorm
variability and tornado outbreak vulnerability in the Southeast U.S. during the 1930s and
1940s. These results could assist weather forecasters and emergency managers better
address vulnerability to severe thunderstorms and tornado outbreaks in the region.
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Chapter 1: Introduction
The Southeast U.S. is vulnerable to severe thunderstorms (i.e., a thunderstorm that
produces hail of 2.5 cm or greater in diameter, wind gusts of 95 km h-1 or greater, or a
tornado) (Kelly et al. 1978; Ashely 2007; Simmons and Sutter 2013; Coleman and Dixon
2014), but severe thunderstorm variability is poorly understood in the region prior to the
1950s. A significant challenge to understanding severe thunderstorm variability is the
lack of homogeneous, long-term observational records of severe thunderstorms (Brooks
et al. 2003; Brooks 2013; Allen et al. 2015). Observational records of severe thunderstorms and
tornadoes extend back to the early 1950s, though these records are subject to inhomogeneity due to
population and observation biases and historical changes in reporting, damage rating, and
technology (Doswell and Burgess 1988; Verbout et al. 2006). Therefore, environmental indices
computed from reanalysis datasets have been used as proxies to estimate severe thunderstorm
variability (Brooks et al. 2003; Trapp et al. 2007; Diffenbaugh et al. 2013; Allen et al. 2015).
Unfortunately, research has yet to focus on severe thunderstorm variability prior to 1950. These
past studies used the National Centers for Environmental Protection (NCEP)/National
Centers for Atmospheric Research (NCAR) and North American Regional Reanalysis
(Kalnay et al 1996; Mesinger et al. 2006), but there are issues with these datasets such as
the changing mix of observations, biases in observations and models, and the lack of
observational constraints. These issues result in inhomogeneities within the datasets.
Twentieth Century Reanalysis (20CR) is a global meteorological reanalysis
dataset that remarkably spans the twentieth century (Compo et al. 2011). The dataset was
developed using the most consistent available observations to minimize issues with
homogeneity related to non-climatic biases. 20CR dates back farther than any other
1

reanalysis dataset, extending back to 1851, but discontinuities were detected prior to 1950
(Ferguson and Villarini, 2012, 2014). An opportunity exists to use historical research
methods to validate results obtained from 20CR. Reconstructed past severe thunderstorm
variability could potentially benefit from archived data, which often provides invaluable
personal accounts of past events (Grazulis 1993). Archived newspapers are often great
sources of detailed weather records (Mock 2000, Mock et al. 2007) and these records
exist in the Southeast during the 1930s and 1940s.
Extensive drought plagued the Great Plains during the 1930’s Dust Bowl, and
persistent La Niña conditions occurred during this period (Schubert et al. 2004; Seager et
al. 2005a, b). Allen et al. (2015) and Lee et al. (2016) note an increased potential for
tornadoes over the Southeast during La Niña events, and a series of tornado outbreaks
have been documented historically in the 1930s (Grazulis 1993; Schneider et al. 2004;
Murray 2015). Case study reconstructions provide historical perspectives of past tornado
outbreaks and may assist in early detection of future events. Reconstruction of past
tornado events has been accomplished through the use of archived meteorological
observations and charts (Ludlum 1975; Maddox et al. 2013), and these observations
extend back to the 1930s. A historic tornado outbreak reconstructed using archived
observations could also be used to evaluate the reliability of 20CR. Inhomogeneities
have been detected in long-term trends of 20CR prior to 1950 (Ferguson and Villarini
2012, 2014; Brönnimann et al. 2012), but recent research suggests that 20CR represents
individual storms relatively well (Ernst et al. 2017; Meyer et al. 2017).
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Research Goals and Objectives
The goals of this doctoral research are 1) to extend the current knowledge of
severe thunderstorm variability over the Southeast back to the 1930s and 1940s, 2) to
reconstruct a climatology of severe thunderstorm days, 3) to develop methods that
potentially minimize non-climatic inhomogeneities, and 4) to reconstruct a historic
tornado outbreak from the 1930s. Data used to address these goals include
meteorological reanalysis and archived historical data. Understanding long-term severe
thunderstorm variability enables weather forecasters, emergency managers, and the
public to be more prepared (Brooks et al. 2003), and this research may assist in reducing
society’s vulnerability.
Objective 1
The first objective seeks to establish a detailed severe thunderstorms climatology
for the Southeast U.S. from 1925 to 2014. The significant severe parameter is computed
from 20CR (version 2c) dataset and used as a proxy to develop a climatology of severe
thunderstorm days. The sensitivity of the significant severe parameter is tested between
two different thresholds (10,000 and 20,000) by reconstructing and analyzing two
separate time series. Given inhomogeneities have been detected in the dataset prior to
1950 due to the changing density of the observations, the time series is visually and
statistically analyzed for inhomogeneities. The time series is further evaluated by
sampling and verifying severe thunderstorm days before and after 1950 using
documentary data and severe weather datasets. Methods are explored to potentially
minimize inhomogeneities identified in the time series before 1950. This objective
addresses three research questions.
3

1. Is there a systematic bias in severe thunderstorm day proxies derived from 20CR before 1950?
If so, can bias correction be applied to improve the estimate of severe thunderstorm days?
2. Is the verification of severe thunderstorm days sensitive to different thresholds of the significant
severe parameter?
3. How well does 20CR derived proxies perform as a first guess for locating past severe
thunderstorm days?
Objective 2
The second objective investigates and reconstructs the synoptic conditions and
societal impacts of a historic tornado outbreak that impacted the Southeast from 21-22
March 1932. Tornado tracks from the event are mapped and spatially analyzed based on
length, number of fatalities and injuries, and Fujita-scale rating. Archived meteorological
observations are located, digitized, and used to reconstruct a series of synoptic charts.
Analysis of these charts, in conjunction with archived Weather Bureau (WB) synoptic
charts and pilot balloon observations (pibals), assisted in identifying synoptic features
(e.g., pressure systems and frontal boundaries). New meteorological analysis is presented
for this historic tornado outbreak and compared to 20CR derived surface charts. Impacts
of three violent F-4 tornadoes that devastated Alabama during this tornado outbreak are
described by locating and examining documentary data. This objective examines two
questions.
1. What were the synoptic patterns and regional impacts of the 1932 Deep South
tornado outbreak?
2. Is the synoptic pattern of the 21-22 March 1932 Deep South tornado outbreak
reproduced in 20CR?
4

Dissertation Overview
This dissertation is organized into two separate journal articles that will be
submitted for publication in refereed journals. Chapter 2, “A climatology of severe
thunderstorm days over the Southeast U.S., 1925-2014,” reconstructs a climatology of
severe thunderstorm days and employs methods to minimize inherent inhomogeneities
between 1925 and 1949. Chapter 3, “The Deep South tornado outbreak 21-22 March
1932,” reconstructs and describes the synoptic conditions and societal impacts of a
historic tornado outbreak that impacted the Southeast 21-22 March 1932. The last
chapter, “Discussion and Conclusions,” integrates the results of chapters 2-3, presents
major findings and discusses the significance of this work and future research.
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Chapter 2: A Climatology of Severe Thunderstorm Days Over the Southeast U.S.,
1925-2014
Abstract
The Southeast U.S. is vulnerable to severe thunderstorms, but a poor
understanding of severe thunderstorm variability exists in the region prior to the 1950s.
In this chapter, the significant severe parameter is computed from version 2c of the 20th
Century Reanalysis (20CR) dataset and used as a proxy to develop a climatology of
severe thunderstorm days for the Southeast from 1925 to 2014. This research tested the
sensitivity of the significant severe parameter to different thresholds (10,000 and 20,000)
by reconstructing and analyzing two separate time series. 20CR is embraced for its longterm record, but inhomogeneities have been detected in the dataset prior to 1950 due to
the changing density of the observations. Initial assessment of the time series included a
visual examination, change point analysis, and two-proportion z-tests. Thus, a further
evaluation of the reconstructed time series involved sampling and verifying severe
thunderstorm days before and after 1950 using archived newspapers and severe weather
datasets. This analysis fit an Autoregressive Conditional Poisson (ACP) model to the
time series and calibrated it using severe thunderstorm days after 1950. Results indicate
an overcount bias in severe thunderstorm days before 1950, which seems to be due a
CAPE bias in 20CR. This chapter concludes that applying a monthly, proportionallybased bias correction factor to the time series before 1950 shows promise in minimizing
non-climatic biases.
9

Introduction
Climate scientists postulate that climate change will impact the frequency and intensity of
severe thunderstorms (i.e., large hail, high winds, and/or tornadoes), and previous studies have
begun to address this relationship (Del Genio et al. 2007; Trapp et al. 2007, 2009; Van Klooster &
Roebber 2009; Diffenbaugh et al. 2013; Brooks 2013; Gensini et al. 2014a; Tippett et al. 2015;
Seeley & Romps 2015; Hoogewind et al. 2017). However, uncertainties regarding the response of
severe thunderstorms to a warming climate still exist, and the Intergovernmental Panel on Climate
Change’s (IPCC) Fifth Assessment Report (2013) limited its discussion of severe thunderstorms to
approximately one page. A considerable limitation is the lack of homogeneous, long-term
observational records of severe thunderstorms (Brooks et al. 2003a; Brooks et al. 2007; Brooks
2013; Diffenbaugh 2013; Allen et al. 2015; Tippet et al. 2015). The U.S. officially began collecting
and recording observations of severe thunderstorms in the 1950s. The resulting Storm Events
Database contains reports of tornadoes (1950-present), hail (1955-present), and thunderstorm wind
gusts (1955-present). However, these reports are subject to inhomogeneity because of population
and observation biases and historical changes in reporting, damage rating, and technology (Doswell
and Burgess 1988; Brooks et al. 2003b; Doswell et al. 2005; Verbout et al 2006; Tippett et al.
2015).
Inhomogeneities in observational records pose challenges to constructing severe
thunderstorm and tornado climatologies. Therefore, studies have used environmental indices from
reanalysis datasets as proxies to estimate severe thunderstorm variability in the present and future
climate (Brooks et al. 2003a; Trapp et al. 2007; Diffenbaugh et al. 2013; Allen et al. 2015).
10

Previous research has derived environmental indices from many different parameters relating to
instability, wind shear, low-level dynamics, or a combination of these parameters. The product of
convective available potential energy (CAPE) and bulk wind shear can distinguish non-severe and
severe thunderstorm environments (Rasmussen and Blanchard 1998; Brooks et al. 2003a). Brooks
and Craven (2004) developed the significant severe parameter, which they found to be the best
discriminant between non-severe, severe, and significant severe thunderstorms. The significant
severe parameter is calculated as the product of Mean Layer CAPE and 0-6 km shear. Severe
thunderstorm environments tend to occur when the significant severe parameter exceeds key
thresholds of 10,000 and 20,000 (Brooks et al. 2003a; Craven and Brooks 2004; Gensini and
Ashley 2011).
CAPE represents the instability and low-level moisture needed for deep convection.
Vertical wind shear organizes and helps sustain thunderstorm updrafts. Research has indicated that
in a warmer climate CAPE could increase due to an increase in specific humidity in the lower
troposphere, whereas vertical wind shear could decrease because of a decrease in the latitudinal
thermal gradient (Trapp et al. 2007; Diffenbaugh et al. 2013; Hoogewind et al. 2017). This
decrease in vertical wind shear could lead to a decrease in severe thunderstorms. However, the
consensus among climate scientists is that increased CAPE will offset the decrease in vertical wind
shear, and the mid and late twentieth-first century could have an increase in environments favorable
for severe thunderstorms. However, uncertainties remain regarding the regional and seasonal
distributions of these future environments (Diffenbaugh et al. 2013; Gensini et al. 2014a),
convective initiation (i.e., thunderstorm development; Trapp et al. 2009; Tippett et al. 2015) and
convective hazard types (i.e., tornadoes, hail, and damaging winds; Trapp et al. 2007; Brooks
2013).
11

Climate models have several limitations representing convective processes. First, subgridscale convection (e.g., thunderstorms) cannot be resolved because of the coarse horizontal
resolution of the models. Therefore, models represent deep convection by employing a convective
parameterization scheme (Emori et al. 2001; Zhang et al. 2009; Straub et al. 2010; Han and Pan
2011). Several different convective parameterization schemes exist, and each applies different
assumptions and methods for triggering deep convection, which CAPE is sensitive to (Trapp et al.
2007; Diffenbaugh et al. 2006, 2013; Marsh et al. 2007, 2009; Straub et al. 2010; Allen et al. 2011).
Marsh et al. (2007) compared mean CAPE values between the National Centers for Environmental
Protection (NCEP)/National Center for Atmospheric Research’s (NCAR) global reanalysis and
NCAR’s Community Climate System Model version 3 (CCSM3) from 1980 to 1999. Each dataset
used a different convective parameterization scheme to represent convection. Despite this, they
found that the spatial distribution of CAPE was comparable between the two datasets. Second,
large convective inhibition (CIN) values potentially prevent thunderstorms from developing,
whereas low CIN values may trigger non-severe thunderstorms. CIN is the energy in the boundary
layer that must be overcome before convection can occur. Unfortunately, the coarse vertical
resolution in climate models and reanalysis datasets limit the detection of vertical gradients, which
are important for resolving CIN (Brooks et al. 2003a; Trapp et al. 2007; Brooks 2013).
Consequently, convective parameters derived from climate models must be used with caution.
Climate scientists have a considerable understanding of climate variability over the modern
record (i.e., since the late-19th century) because of high-quality observational records. For example,
reliable instrumental records indicate that global temperatures have increased significantly since the
1880s (IPCC 2013). Unfortunately, the poor quality of severe thunderstorm observational records
makes it difficult to assess if changes in severe thunderstorm variability have occurred (Brooks
12

2013). Gensini and Ashley (2011) compared observed storm reports to significant severe
thunderstorm environments (i.e., calculated as the product of 0-6 km Bulk Wind Difference and
Most Unstable CAPE exceeding 20,000) from 1980 to 2009 and found no significant trend over the
30-year period. They determined that the environmental proxies overestimated significant severe
thunderstorm events, but the annual cycle of significant severe environments closely followed that
of observed storm reports. A study by Tippett et al. (2012) used Poisson regression to compare
monthly averaged tornado observations to monthly averaged environmental parameters, and they
determined good agreement between the two datasets. Gensini and Mote (2014) dynamically
downscaled a global climate model into a high-resolution regional climate model to resolve a proxy
of hazardous convective weather from 1980 to 1990. They compared model output to historical
severe thunderstorm reports and found good spatial agreement. Altogether, these studies suggest
that a long-term record of severe thunderstorm environments could be used as a proxy to past
severe thunderstorm days, which can be accomplished using reanalysis datasets. Reanalysis
datasets are constructed by assimilating past climate observations into climate models, which results
in estimates of climate variables in regions relatively devoid in data. Unfortunately, even reanalysis
datasets are challenged by inhomogeneities. Previous research has used NCEP/ NCAR and North
American Regional Reanalysis (NARR) (Kalnay et al 1996; Mesinger et al. 2006) datasets, but
there are issues with these datasets such as the changing mix of observations, biases in observations
and models, and not all modeled data are constrained by observations.
The 20th Century Reanalysis dataset (20CR) has been embraced for its long-term record,
and data within 20CR could be used as a proxy to develop severe thunderstorm climatologies.
Compo et al. (2011) purposefully developed 20CR using observations that were consistently
available backward in time to minimize issues with inhomogeneity related to non-climatic biases.
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20CR version 2c (V2c) now goes back to 1851, which is much further than any other reanalysis
dataset. Unfortunately, even the latest version of 20CR contains discontinuities before 1950
(Ferguson and Villarini 2012, 2014). Several recent studies have utilized 20CR to analyze longterm climate trends, but the quality of the full reanalysis has had mixed results. Ferguson and
Villarini (2012) used three different statistical changepoint techniques to compare surface air
temperature and precipitation between 20CR and observations from the Climate Research Unit in
the central U.S. They determined that abrupt changepoints occurred during the warm season in the
1940s and 1950s. Brönnimann et al. (2012) used 20CR to analyze extreme winds in the Northern
Hemisphere back to 1871. They found that 20CR is comparable with observations from individual
historical storms, but they stressed interpreting long-term trends in extreme winds before 1950 with
caution. A study by Krueger et al. (2013) examined Northeast Atlantic storminess from 1881 to
2004. They used upper percentiles of geostrophic wind speeds from 20CR as a proxy for
storminess and compared it to observations. The 20CR derived proxies and observations were
inconsistent before 1940, which they attributed to a lack of observations that were assimilated
during the early portion of the reanalysis. Altogether, these studies demonstrated that 20CR data
should be used carefully before 1950, and it is perhaps best to use 20CR in conjunction with
verified historical observations.
Previous studies that have reconstructed past extreme weather events have utilized archived
historical documents (Grazulis 1993; Chenoweth and Landsea 2004; Dodds et al. 2009; Burnette et
al. 2010; Burnette and Stahle 2013; Taszarek and Gromadzki 2017). Newspapers and diaries often
provide detailed descriptions of societal impacts from past weather events. Mock et al. (2010)
showed that personal storm accounts from newspapers, diaries, and ship logbooks provide good
narratives of weather conditions before and after tropical cyclones. There is potential to verify past
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extreme weather events using historical documents. Touvinen et al. (2009) reconstructed a severe
hail climatology for Finland spanning 1930 to 2006, and 65% of their documented cases were
discovered in archived newspapers. A study by Taszarek and Gromadzki (2017) used historical
records to document 26 previously unknown deadly tornadoes in Poland dating back to 1830, and
they verified events after 1870 by reconstructing the synoptic conditions using 20CR. They
determined that 20CR was reliable for their purposes. Thus, historical records offer a great
opportunity to verify 20CR data. Yet some locations may have limited availability of historical
records and reports potentially introduce observer biases.
The Southeast is vulnerable to severe thunderstorms, specifically to tornadoes (Kelly et al.
1978; Garinger and Knupp 1993; Ashley 2007; Simmons and Sutter 2012; Coleman and Dixon
2011, 2014; Farney and Dixon 2015). Furthermore, previous research has shown that the
Southeast could experience an increase in severe thunderstorm days in a warmer climate (Trapp et
al. 2007; Diffenbaugh et al. 2013; Gensini and Brooks 2018). In 2011, 492 tornadoes and 356
tornado related fatalities occurred in the Southeast during the most active tornado year in the region
since consistent tornado records began in 1954 (Southeast Regional Climate Center, 2018). The
Southeast was devastated that same year during the April 25-28th “Super Outbreak,” when 144
tornadoes and 298 fatalities occurred on April 27th alone. Ashley (2007) demonstrated that the
Southeast has the greatest vulnerability to tornado related fatalities. This increased vulnerability to
severe thunderstorms and tornadoes is because of the Southeast’s tornado seasonality, frequent
nocturnal tornadoes, reduced visibility due to land cover, large mobile home stock, and relatively
high population density (Ashley 2007; Ashley et al. 2008). An improved understanding of longterm severe thunderstorm variability better addresses vulnerability. A reconstructed severe
thunderstorm climatology would benefit weather forecasters, emergency managers, and the public.
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Thus, this study focused on the Southeast U.S. (Fig. 2-1) because the region is vulnerable to the
frequent occurrence of severe thunderstorms.
The aim of this paper is to use the significant severe parameter (Craven and Brooks 2004)
as a proxy to compute a climatology of severe thunderstorm days for the Southeast U.S. from 1925
to 2014. This research placed specific emphasis on the verification of severe thunderstorm days
before and after key discontinuities in the observational record, which visual and statistical analysis
of the time series assessed these discontinuities. This research addressed three questions.
1. Is there a systematic bias in severe thunderstorm days derived from 20CR before 1950? If so,
can bias corrections be applied to improve the estimate of severe thunderstorm days?
2. Is the verification of severe thunderstorm days sensitive to different thresholds of the significant
severe parameter?
3. How well does 20CR derived proxies perform as a first guess for locating past severe
thunderstorm days?
This paper is organized as follows. Data and methods used to reconstruct and verify the time series
of severe thunderstorms days are presented in section 2. The results of the severe thunderstorm
climatology are presented in section 3 and discussed in section 4.
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Fig. 2-1. Study Area. The Southeast was defined as 33-35°N by 85-93°W. Stars indicate
locations visited to collect archival data.

Data and methods
Twentieth-Century Reanalysis Version 2c
Many studies have used environmental indices from reanalysis as proxies to
estimate severe thunderstorm variability (Brooks et al. 2003a; Trapp et al. 2007; Allen et
al. 2015). These studies have used NCEP/NCAR and NARR reanalyses datasets. Yet
there are issues related to inhomogeneity with these datasets, and the temporal coverage
only extends back to the mid-twentieth century. 20CR was carefully developed to
minimize issues with inhomogeneity, and the dataset spans a remarkable 163 years
(Compo et al. 2011). Thus, this study utilized 20CR for its more consistent, long-term
data.
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Yet, discontinuities exist in 20CR before 1950 (Ferguson and Villarini, 2012,
2014; Compo et al. 2011; Misra et al. 2013; Krueger et al. 2013). A majority of these
inhomogeneities are due to density differences in assimilation of observations over time.
Ferguson and Villarini (2012) found that the number of assimilated observations
increased by 9,194 between 1929 and 1940. This increase likely introduced non-climatic
trends in the dataset during this period. In fact, approximately 72 percent of all
discontinuities that occurred within 20CR from 1871 to 2010 were because of
observational network changes and not climatic shifts (Ferguson and Villarini 2014).
20CR utilized surface pressure observations, monthly sea surface temperature,
and sea-ice concentration as boundary conditions. The NCEP/GFS 2008ex model
forecasts a “first guess” state of the atmosphere, and the previous six-hour forecast
analysis initiates the current model run. A deterministic Ensemble Kalman Filter data
assimilation method takes the weighted average of the forecast model’s “first guess” and
the pressure observation (Compo et al. 2011). A simplified Arakawa-Schubert
convective parameterization scheme with momentum mixing is used to model deep
convection. 20CR has a horizontal resolution of 2° latitude by 2° longitude global grid
and vertical resolution of 24 pressure levels (hPa). Version 2c (V2c) of the dataset spans
1851 to 2014 with reanalysis of the most likely state of the atmosphere every six hours.
20CR V2c data was provided by the National Oceanic and Atmospheric Administration
(NOAA)/Oceanic and Atmospheric Research (OAR)/Earth Systems Research Laboratory
(ESRL) Physical Science Division (PSD)
(http://www.esrl.noaa.gov/psd/data/gridded/data.20thC_ReanV2c.html). This research
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used surface-based CAPE, 0.995 sigma winds, and 500 hPa winds from 20CR V2c to
compute the significant severe parameter.
Historical sources
CAPE and bulk wind shear from 20CR serve as a proxy to estimate severe
thunderstorm days from 1925 to 2014 across the Southeast U.S. However,
inhomogeneities exist in 20CR before 1950. Verification of sampled proxy days
involved locating and examining archived historical newspapers and datasets
documenting past severe weather events. Reconstructions of past extreme events benefit
from personal accounts provided by historical documents (Grazulis 1993; Chenoweth and
Landsea 2004; Dodds et al. 2009; Burnette et al. 2010; Burnette and Stahle 2013). Table
2-1 shows the archived sources and datasets used to verify severe thunderstorm days.
Whenever possible, verified severe thunderstorm days were cross-referenced with
multiple sources.
Newspapers
This study located and reviewed daily published regional newspapers available on
microfilm in state archives and local libraries (Table 1). Archived newspapers are
excellent sources of detailed weather records and personal accounts of extreme events
(Mock 2000; Mock et al. 2007), and they often provide descriptions of storm related
property damage, fatalities, and injuries. Verification of severe thunderstorm days using
historical newspapers is subjective. Therefore, this research carefully evaluated and
interpreted newspaper descriptions. Specific thunderstorm information was located (in
most cases), such as estimated hail size, wind gusts, or note of a tornado. For example,
The Arkansas Gazette reported a thunderstorm wind gust of 62 mph (~115 km h-1) in
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Pulaski County, Arkansas, on 26 March 1948. This day was verified because the report
was detailed and specific. A few sampled days were not verified because of ambiguous
newspaper reports. Newspapers often reported thunderstorm events the day after they
occurred. Nonetheless, the day of occurrences were determined from the reports.
Newspapers proved to be a reliable method of verifying severe thunderstorm days.
Storm Events Database
The Storm Events database spans January 1950 to May 2017 and is maintained by
the National Centers for Environmental Information (NCEI). Storm event data is
compiled by the National Weather Service’s (NWS) Storm Prediction Center (SPC).
Only tornado events were recorded between 1950 and 1954, but since 1955, tornadoes,
thunderstorm wind gusts, and hail observations have been recorded. The database
describes the convective hazard event type, location and time of occurrence, magnitude
of the event (e.g., tornado damage scale rating, estimated wind gust, and/or hail size),
fatalities and injuries, property damage estimate, and crop damage estimate.
Unfortunately, the NWS cannot verify the accuracy of every storm event report, so
careful consideration must be exercised when using the database. Storm Events was
accessed from the NCEI (https://www.ncdc.noaa.gov/stormevents/).
Grazulis Tornado Database
Thomas Grazulis compiled and published a tornado database spanning 1680 to
1995. He visited local libraries, state historical archives, and the U.S. Library of
Congress to document past significant tornadoes. He defined a significant tornado as
having a Fujita Damage Scale rating of F2 or greater, or a tornado that resulted in a
fatality. Hence, his database includes all known tornadoes to have resulted in a fatality.
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Grazulis’ significant tornado climatology is based on archival newspaper reports and
tornado databases held by the National Severe Storms Forecast Center (NSSFC). He
reviewed and assigned Fujita Damage Scale ratings to approximately 60,000 tornadoes,
but this was a subjective effort because often only descriptions of tornado damage were
available. However, Grazulis (1993) states that the subjective nature of his work has the
advantage of consistency because he was the only person assigning ratings to the
tornadoes. Nonetheless, this is an exceptional database that includes tornado location and
time of occurrence, damage scale rating, path length and width, and fatalities and injuries.
Alabama Tornado Database
The NWS in Birmingham, Alabama, maintains a database of Alabama tornadoes.
The database spans February 1794 to the present. The database is limited further back in
time, especially before the 20th century. Detailed information is provided when available,
including tornado location and time of occurrence, length and path width, damage scale
rating, fatalities and injuries, and a description of the damage. The sources of the
database include the SPC, NCEI, Thomas Grazuils’ Significant Tornadoes, Birmingham
NWS staff surveys, and Welby Steven’s Monthly Weather Review October 1925 (NWS,
2018). The Alabama Tornado Database was accessed from the NWS Birmingham
(https://www.weather.gov/bmx/tornadodb_main).
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Table 2-1. Archived sources consulted for severe thunderstorm day verification.
Source
Alabama Tornado Database
The Arkansas Gazette
The Commercial Appeal
Grazulis Tornado Database
The Huntsville Times
Storm Events Database

Location

Date Range
(Num. of Obs.)
Online at:
1925-2014
https://www.weather.gov/bmx/tornadodb_main
(120)
Arkansas State Archives
1925-2014
Little Rock, AR
(120)
University of Memphis
1925-2014
Memphis, TN
(120)
Grazulis, T. 1993. Significant Tornadoes,
1925-1991
1680-1991
(110)
Huntsville-Madison County Public Library
1925-2014
Huntsville, AL
(120)
Online at:
1950-2014
https://www.ncdc.noaa.gov/stormevents/
(60)

Reconstruction of severe thunderstorm days
This study defined a severe thunderstorm as a thunderstorm that produced hail of
2.5 cm or greater in diameter, wind gusts of 95 km h-1 or greater, or a tornado. Severe
thunderstorm days were determined by an equation that uses surface-based CAPE and 06 km bulk wind shear (S06) to distinguish severe and non-severe thunderstorm
environments (Brooks et al. 2003a; Trapp et al. 2007; Gensini et al. 2014a, 2014b).
Brooks et al. (2003a) found the “best discriminant” of severe and significant severe
thunderstorm environments using CAPE and S06. Six grid-points were selected from
20CR to represent the Southeast U.S. Surface-based CAPE is a derived variable
provided by 20CR. Surface and 6 km winds were approximated using winds at the 0.995
sigma level and at 500-hPa, respectively. The 0.995 sigma level is the vertical level that
corresponds to 99.5% of the surface pressure, which is approximately 42 m above ground
level. The S06 was calculated as the magnitude of the vector difference between 0.995
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sigma level and 500-hPa. A new variable for severe thunderstorm days, SEV 10000, was
defined by the equation established by Trapp et al. (2007):
SEV10000 = CAPE × 0-6 km S06 ≥ 10,000
The time series reconstruction involved totaling the number of severe thunderstorm days
for each month from 1925 to 2014. This threshold has been found to distinguish between
non-severe and severe thunderstorm environments. However, given that previous studies
used other thresholds (Craven and Brooks 2004), this analysis tested the sensitivity of the
results by reconstructing a second variable where the severe thunderstorm day threshold
breached 20,000 (SEV20000). This threshold has been shown to distinguish between
severe and significant severe environments. Brooks et al. (2003a) noted that significant
severe thunderstorm should be easier to detect from thunderstorm environments because
these storms threaten considerable loss.
Changepoint Analysis
A changepoint can be defined as a change in the statistical properties of a time
series at a specific location (Killick and Eckley 2014). Changepoint analysis was applied
to severe thunderstorm days, seasonal CAPE, and seasonal S06 to determine if
statistically significant breaks occurred in the mean before or after 1950. Changepoints
were identified using a binary segmentation search method as described by Killick and
Eckley (2014). This method first tests the time series using a general likelihood ratiobased approach to determine if a single changepoint occurred within the mean. If so, the
time series is split into two segments at the changepoint location. The test for a single
changepoint is then applied to the data before and after the split. This procedure is
repeated until no changepoints are detected. Further, the time series was tested for
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inhomogeneity using two-proportion z-tests to determine if there were statistically
significant differences in the proportion of severe thunderstorm days before and after
1950. A p-value ≤ 0.10 was considered statistically significant.
Verification of severe thunderstorm days
The time series was explored and validated by taking a random sample of 30
severe thunderstorm days before and after 1950 (1925-1949 and 1950-2014) for both
SEV10000 and SEV20000 (120 total days). The year 1950 was selected because (1) previous
research has found 20CR to be less reliable prior to 1950 (Ferguson and Villarini 2012;
2014) and (2) this is the year that official tornado records began (hail and thunderstorm
wind observations followed in 1955). Large changes in 20CR’s observational network
occurred during the 1930s, thus, this study focused on this time period. The year 1925
was selected as a starting point to provide a few years of analysis prior to the 1930s.
However, the uneven number of sampled years before and after 1950 potentially
introduce biases.
These samples were verified by locating reports and observations from archived
newspapers and severe weather datasets. A severe thunderstorm day was verified when
documented evidence was found that indicated a severe thunderstorm had occurred on the
sampled day or the following day. The following day was considered acceptable
verification because these environments are proxies for severe thunderstorms, which
means that the atmosphere can potentially be “primed” for severe thunderstorms prior to
the event. For example, tornadoes occurred within the study area on 27 November 1973,
and the 10,000 threshold was also breached the day prior. Verification was limited to
specific note of wind intensity or hail size, reference of a tornado, or thunderstorm related
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damage (e.g., large uprooted trees). Barnard’s tests were applied to determine if there
was a statistically significant difference between verified severe thunderstorm days
before and after 1950 for SEV10000 and SEV20000.
Autoregressive Conditional Poisson Model
Statistical modeling often applies the Poisson distribution to model the frequency
of independent events in a specified time interval. Poisson distributions assume equidispersion, which is defined as the mean and variance being equal. Previous studies have
used Poisson regression to model counts of tropical cyclones and tornadoes (Mann et al. 2007;
Tippett et al. 2012, 2014). However, time series of counts often display overdispersion,
where the variance is larger than the mean. Severe thunderstorm days exhibit both overdispersion and serial correlation. Heinen (2000) developed Autocorrelated Conditional
Poisson (ACP) models to specifically address time series of count data where issues of
discreteness, overdispersion, and serial correlation exists. Therefore, this research
employed an ACP model to model severe thunderstorm days. ACP models are
observation-driven models. Hence, to account for over-dispersion and serial correlation,
the modelled mean is conditional on past observations and past means (Holloway 2011).
ACP models apply maximum likelihood to estimate the model’s parameters.
Further analyses involved first partitioning the data into two datasets, before and
after 1950. An ACP model was fit to the time series using severe thunderstorm days
post-1950 as training (or “calibration”). An inspection of autocorrelated and partially
autocorrelated function plots found that severe thunderstorm days exhibit seasonal cycles.
Therefore, the model included four seasonal terms: cos(2πt/6), cos(2πt/12), sin(2πt/6),
and sin(2πt/12). No trend term was included because no significant trends were detected.
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The “best” model was an ACP (1, 1) model that included the four seasonal terms. The
model parameters included one lag on the observations of severe thunderstorm days and
one lag on the conditional mean of the training sample. The resulting model had the
lowest AIC (5.06) and BIC (5.10) values. Residuals were carefully examined to ensure
randomness. The established statistical relationship between the model and severe
thunderstorm days was used to evaluate the reconstructed time series before 1950. The
next section presents the results of this study.
Results
Two 90-year climatologies of severe thunderstorm days (SEV 10000 and SEV20000)
were reconstructed using CAPE and S06 derived from 20CR. The time series was
assessed visually and statistically for issues related to inhomogeneity. Severe
thunderstorm days were verified by locating and examining archived historical records.
Analysis determined an overcount bias in severe thunderstorm days before 1950.
Therefore, a bias correction factor was determined and applied to homogenize the time
series. The following is a description of the analyses and results.
Reconstructed time series
SEV10000
A visual inspection of the time series indicated a greater number of severe
thunderstorm days before 1950 (Fig. 2-2a). Specifically, several large spikes occurred in
the mid-1930s, and the only other comparable spike occurred in 1953. The pre-1950
monthly mean number of severe thunderstorm days was greater when compared to post1950 for all months. March and April averaged over two days more per month before
1950. After 1953, the number of severe thunderstorm days was relatively constant
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without any large spikes. The largest annual number of severe thunderstorm days was
119 in 1934 and the lowest was 27 in 2008. The greatest number of annual days after
1950 was 103 in 1974. The largest single month total was 29 days in July 1934. Seven of
the top ten largest years occurred before 1950, while eight of the top ten lowest years
occurred after 1950.
Changepoint analysis indicated significant breaks in the mean of the monthly
averaged severe thunderstorm days in 1927, 1932, and 1935. Two-proportion z-tests
were used to evaluate the proportion of severe thunderstorm days before and after 1950
for significant differences (Table 2-2). Both statistical tests suggested significant
differences in the monthly averaged severe thunderstorm days before 1950. We will
analyze this further below.
SEV20000
A greater number of severe thunderstorm days occurred before 1950 (Fig. 2-2b).
Large spikes occurred in the late 1920s and mid-1930s. The number of severe
thunderstorm days remained relatively constant after 1950. A few spikes occurred later
in the time series, but nothing comparable to the spikes before 1950. Intriguingly, there
were no days in 1987 that breached the severe thunderstorm day threshold of 20,000.
Further, CAPE exceeded 2,000 J/kg only three times that year. Gensini and Mote (2014)
noted low occurrence of severe thunderstorm reports in the U.S in 1987 and 1988.
Changepoint analysis determined significant breaks in 1939, 1944, and 1953.
Pre-1950 monthly mean severe thunderstorm days was larger than the post-1950 for
every month except for November. May and June averages suggested an overcount
before 1950 of 1.5 and 2 severe thunderstorm days, respectively. Differences were
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smaller for the cool season months. The largest number of annual severe thunderstorm
days was 48 in 1934, and the largest single month total was 18 in August 1938. After
1950, the largest annual severe thunderstorm days was 35 in 1957. Eight of the top ten
years with the greatest number of severe thunderstorm days occurred before 1950, while
nine of the top ten years with the lowest number occurred after 1950. Two-proportion ztests of monthly severe thunderstorm days indicated an increase in days before 1950
(Table 2-2). This is further evidence that a bias exists.

Fig. 2-2. Severe thunderstorm days. Time series of monthly severe thunderstorm days
(1925-2014) for (a) SEV10000 and (b) SEV20000.

Table 2-2. Results from two-proportion z-tests. Significant differences were found in the
number of severe thunderstorm days before and after 1950.
Severe Threshold

Before-1950

After-1950

P-value

no. severe thunderstorm days / total no. days (%)
10,000

1871/9131 (20.49)
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4131/23740 (17.40)

<0.01

20,000

636/9131 (6.96)

1120/23740 (4.71)

<0.01

Severe thunderstorm days verification
A random sample of 30 severe thunderstorm days before and after 1950 were
verified using archived historical records. A greater number of days were verified after
1950 for SEV10000 and SEV20000, and Barnard’s test indicated a statistically significant
difference (Table 2-3). Though, SEV20000 was only significant at the 0.10 level. Overall,
5/17 (29.4%) and 7/20 (35.0%) severe thunderstorm days were verified before 1950 for
SEV10000 and SEV20000, respectively. For SEV10000, 11 (64.7%) of the verified days
included tornadoes and 12 (70.5%) were cross-referenced with multiple sources (see
Appendix A). Cross-referencing increased confidence in the sample verification. For the
SEV20000, 16 (80%) included tornadoes and 13 (65%) were cross-referenced (see
Appendix B). Thus, tornado reports accounted for 73 percent of the total verified severe
thunderstorm days. This was expected because tornadoes are more likely to result in
damage and be reported. The results of the verification suggest that the severe
thunderstorm day counts may be too high prior to 1950.

Table 2-3. Verified severe thunderstorm days before and after 1950. Results from
Barnard’s tests indicated a significant difference in the proportion of verified severe
thunderstorm days before and after 1950 for SEV10000 and SEV20000.
Severe Threshold

Before-1950

After-1950

P-value

no. severe thunderstorm days / total no. days (%)
10,000

5/30 (16.6)

12/30 (40.0)

<0.05

20,000

7/30 (23.0)

13/30 (43.0)

<0.10
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ACP Model
The model’s predicted values had strong correlation (r = 0.75) with the observed
severe thunderstorm days post-1950 for SEV10000 (Fig. 2-3a). Monthly counts of severe
thunderstorm days were more variable for SEV20000, and this potentially contributed to
the lower correlation (r = 0.59) (Fig. 2-3b). The statistical relationship between the
model and severe thunderstorm days was used to evaluate the pre-1950 days. The trained
model had strong correlations with the pre-1950 days, which included SEV10000 (r = 0.72;
Fig. 2-4a) and SEV20000 (r = 0.61; Fig. 2-4b). However, the model’s predicted days were
much lower than the reconstructed days, especially through the late 1930s.

Fig. 2-3. Autoregressive Conditional Poisson model fit. Model fit (black curve) trained
using monthly summed severe thunderstorm days post-1950 (gray curve) for (a) SEV10000
and (b) SEV20000.
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Fig. 2-4. Autoregressive Conditional Poisson model predictions and proxies. Monthly
summed severe thunderstorm days pre-1950 (gray curve). ACP model predicted severe
thunderstorm days pre-1950 (black curve) trained using severe thunderstorm days post1950 for (a) SEV10000 and (b) SEV20000.

Adjusted Severe Thunderstorm Days
Given estimates of severe thunderstorm days seem to be too high prior to 1950, a
bias correction factor was determined for each month. This was calculated as the
monthly mean of the observed severe thunderstorm days after 1950 divided by the
monthly mean of the observed days before 1950. Thus, the bias correction factor was the
proportion of severe thunderstorm days after 1950 compared to before 1950. For
example, the mean severe thunderstorm days for July before 1950 was 9.56 and 8.33 after
1950. Thus, the bias correction factor for July was calculated as 8.33/9.56 = 0.87. The
bias correction factor was then multiplied to the severe thunderstorm days for every July
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before 1950. This process was repeated for each month January through December
(Table 2-4).
An examination of the monthly proportions before 1950 indicated large variations
for several months, even within the same season. For example, spring (March-May)
ranged from 0.63 in March to 0.91 in May for SEV10000. Thus, monthly-based
corrections were selected over seasonally-based corrections to minimize over adjusting
months on the higher end of this range.
The lowest bias correction values for SEV10000, and therefore the greatest
adjustment of severe thunderstorm days, resulted during the late winter and spring
months. This coincides with severe weather season and months with increased CAPE.
For SEV20000, the greatest corrections were for the entire warm season, from March
through September. This may indicate that the overestimate of severe thunderstorm days
is influenced by CAPE.

Table 2-4. Bias correction factors for each month.
Threshold
SEV10000

Jan
.94

Feb
.58

Mar
.63

Apr
.77

May
.91

Jun
.91

Jul
.87

Aug
.94

Sep
.94

Oct
.79

Nov
.98

Dec
.77

SEV20000

.93

.70

.60

.70

.74

.60

.60

.49

.80

.88

2.30

.92

Bias correction factors were used to minimize inhomogeneities in the time series
and to construct an adjusted time series of severe thunderstorm days. Figure 2-5 shows
the fit between the ACP model predicted severe thunderstorm days and the adjusted days.
The adjusted days follow the statistical relationship of the model prediction more closely
compared to the unadjusted observations. However, better fit was found for SEV10000
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(Fig. 2-5a). There are several instances that suggested potential over adjustment for
SEV20000 (1932, 1942, 1943, 1944; Fig. 2-5b). This resulted in the severe thunderstorm
days being less than predicted for those years. Overall, these adjustments improved the
correlation with the ACP model predicted days for SEV10000 (r = 0.75) and SEV20000 (r=
0.64).

Fig. 2-5. Autoregressive Conditional Poisson model predictions and adjusted proxies.
Adjusted monthly severe thunderstorm days pre-1950 (gray curve). Autoregressive
Conditional Poisson model predicted severe thunderstorm days (black curve) trained
using severe thunderstorm days post-1950 for (a) SEV10000 and (b) SEV20000.

Figure 2-6 shows the adjusted severe thunderstorm days for SEV 10000 and
SEV20000. Both time series visually appear more homogeneous with the adjustments.
The largest monthly adjustments for the SEV10000 were February (0.58) and March (0.63).
For the SEV20000, November was the only month where the pre-1950 data was
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proportionately less than the post-1950. Otherwise, the largest monthly adjustments for
SEV20000 were June (0.60), July (0.60), and August (0.49). A pronounced spike occurred
in 1933 and 1934 followed by a decrease in the late 1930s and early 1940s, and
changepoint analysis indicated significant breakpoints in 1934 and 1944 for SEV 10000.
This decrease also coincides with a decrease in CAPE in JJA and SON. No significant
changepoints were identified for SEV20000. The bias correction factors potentially
minimized inhomogeneities in the time series before 1950. The next section discusses
and interprets the results.

Fig. 2-6. Adjusted severe thunderstorm days (a) SEV10000 and (b) SEV20000.
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Discussion and Conclusions
This study presents two 90-year climatologies of monthly averaged severe
thunderstorm days for the Southeast U.S. between 1925 and 2014. The motivation for
this analysis, in part, is the need for a reliable, homogeneous, long-term record of severe
thunderstorms (Brooks et al. 2003a; Brooks et al. 2007; Brooks 2013; Diffenbaugh 2013; Allen et
al. 2015; Tippet et al. 2015). To accomplish this task, this research focused on the
reconstruction of severe thunderstorm days using environmental indices derived from
20CR. The 20CR dataset was utilized because it was deliberately developed to minimize
inhomogeneities from non-climatic biases, and it extends back further than other
reanalysis datasets. The results of this analysis indicated an overcount bias in the derived
severe thunderstorm days before 1950. This bias could be related to inhomogeneities in
the reanalysis and not climatic variability. This supports previous research that has
shown 20CR must be used carefully before 1950 (Brönnimann et al. 2012; Ferguson and
Villarini 2012, 2014; Krueger et al. 2013). Therefore, bias correction factors were applied to
homogenize the time series. The resulting adjusted severe thunderstorm days had a better
fit with the observed statistical relationship determined using an ACP model. The
sampled days were reverified following adjustment. Following the adjustment, four days
were removed because they no longer exceeded the 10,000 threshold. The two
proportion z-test indicated no statistical significance in verified days following the
adjustment. The reconstructed time series is likely a more reliable record of severe
thunderstorm day variability in the Southeast U.S., and it extends back further than
previous records.

35

S06 and CAPE variability were investigated due to the potential bias in severe
thunderstorm days before 1950. Over the 90-year time series, S06 remained consistent
with no statistically significant changes. However, the analysis indicated a statistically
significant decrease in the number of high CAPE days (i.e., days exceeding 2,000 J/kg;
Fig. 2-7 shows time series of high cape days) after 1950. These days occurred
infrequently and were limited to March through November. However, high CAPE days
were found to have occurred 39% more often before 1950. An examination of the time
series using changepoint analysis indicated significant breakpoints in high CAPE days in
1934 and 1939. A two-proportion z-test also determined that high CAPE days occurred
significantly more often before 1950. Further, CAPE exceeded 4,000 j/kg five days in
the 90-year period, and four of those days occurred in 1934. Diffenbaugh et al. (2013)
found that CIMP5 overestimated days with CAPE exceeding 4,000 J/kg. Previous
research has shown that high CAPE days should increase in a warmer climate (Trapp et
al. 2009; Diffenbaugh et al. 2013). Thus, the greater frequency of high CAPE days found
before 1950 is unexpected and could be a result of the model, but the overcount in severe
thunderstorm days before 1950 seems to be due to a CAPE bias in 20CR.
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Fig. 2-7. High CAPE days. Annual count of days when CAPE exceeded 2,000 j/kg from
1925 to 2014.

There are two potential causes of this model bias in CAPE. First, it is welldocumented that the type of convective parameterization scheme can lead to a CAPE bias
in climate models (Diffenbaugh et al. 2006; Trapp et al. 2007; Marsh et al. 2007, 2009;
Diffenbaugh et al. 2013; Allen et al. 2014) because it influences how CAPE is dissipated
in the model (Trapp et al. 2009; Diffenbaugh et al. 2013). Second, a large increase in
20CR assimilated observations occurred in the 1930s (Ferguson and Villarini 2014), and
this coincided with the large increase in monthly averaged CAPE and high CAPE days.
Brooks et al. (2007) acknowledged the importance of observation density changes
regarding the quality of reanalysis datasets because it can introduce spurious trends and
biases. Sterl (2004) determined a changepoint in ECMWF 40-yr-Re-Analysis (ERA-40)
with the introduction of satellite data in 1979. Thus, the large increase in assimilated
observations in the 1930s potentially introduced non-climatic biases in 20CR that
resulted in an overcount of severe thunderstorm days detected in this study before 1950.
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One goal of this research was to test the sensitivity of two thresholds of the
significant severe parameter (e.g., SEV10000 and SEV20000) to detect severe thunderstorms
days from 20CR. Previous research has shown that severe and significant severe
thunderstorm environments can be distinguished using a threshold of 20,000 (Brooks et
al. 2003a; Brooks and Craven 2004; Gensini and Walker 2011). Significant severe
thunderstorms (e.g., hail of 5 cm in diameter or greater, wind gusts of 120 km h -1 or
greater, or a tornado of F2/EF2 intensity or greater) pose a larger threat of property
damage and fatalities (Brooks et al. 2003a), so they have greater potential of being
observed and reported. It was therefore hypothesized that severe thunderstorm days
could be better detected within environments exceeding a threshold of 20,000. However,
the results of this study indicated otherwise. The ability to verify severe thunderstorm
days was not statistically distinguished between severe thunderstorm environments of
SEV10000 and SEV20000. This is potentially related to issues regarding thunderstorm
observations and reports (Doswell and Burgess 1988; Doswell et al. 2005; Verbout et al.
2006). For example, unobserved severe thunderstorms and those that did not result in
loss were likely not reported. Also, a few sampled days were not verified because the
reports were too ambiguous. Thus, these verification results are potentially conservative
estimates.
Overall, 20CR shows promise as a “first guess” for locating past severe
thunderstorm days. However, there are two caveats. First, environmental indices favor
convection and therefore overestimate severe thunderstorm events (Brooks et al. 2003a;
Brooks et al. 2007; Gensini and Ashley 2011). One potential solution to address
overestimation of severe thunderstorm proxies is to utilize archived historical surface
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analyses conducted by the NWS to locate synoptic boundaries. Thunderstorm
development is more likely in proximity to boundaries. A second potential solution is to
use higher parameter thresholds (e.g., 20,000), which may increase the likelihood that
severe thunderstorms occurred on the derived day. Although not statistically significant,
a greater number of severe thunderstorm days were verified when the threshold exceeded
20,000. A second caveat, future research that uses 20CR to reconstruct severe
thunderstorm days should verify all results with documented observations because
inhomogeneities in the dataset may introduce non-climatic biases. The proportional
adjustments used here seem to show promise in minimizing non-climatic
inhomogeneities from the severe thunderstorm climatology.
Future versions of 20CR have potential to extend the record of severe
thunderstorm days back even further than present for the Southeast U.S., if more
observations are located and assimilated into the model. Data sources used in this study
could conceivably be used to verify severe thunderstorm days before 1925. This would
perhaps capture more variability over the 20th century that has potentially occurred due to
increased greenhouse gas forcing. However, further detailed analyses of 20CR is needed.
The reconstructed time series extends further back than previous research, but it
has limitations. First, reanalysis does not capture boundaries, and therefore, the initiation
of convection (Brooks et al. 2003a; Diffenbaugh et al. 2013). Second, reanalysis does not
approximate convective inhibition, which can be a limiting factor to thunderstorm
development. In fact, environmental proxies favor severe convection (Brooks et al.
2003a). Third, due to these limitations and the fact that a two-parameter approach to
severe thunderstorms is rather simplistic, severe thunderstorm environments likely
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overestimate the occurrence of severe thunderstorms. Fourth, the unequal number of
years sampled before and after 1950 (25 and 64, respectively) to verify severe
thunderstorm days potentially introduced biases into the results.
This research contributes to the current knowledge of severe thunderstorm
variability in the Southeast U.S., especially during the 1930s and 1940s. The long-term
record could potentially help weather forecasters, emergency managers, and the public
address severe thunderstorm vulnerability in the Southeast. The methods used in this
study could conceivably be applied to reconstruct severe thunderstorm days from 20CR
in other regions across North America, thus, leading to longer-term records of severe
thunderstorm variability than currently exist. One limiting factor is the availability and
completeness of historical records before 1950 within different regions. These
reconstructed long-term records could perhaps be used in climate models to address
future severe thunderstorm variability under different greenhouse gas emission scenarios.
In addition, previous research has indicated a climate signal between ENSO and severe
thunderstorms in the central and southern U.S. at monthly and seasonal time scales (Cook
and Shaefer 2008; Lee et al. 2013, 2016; Allen et al. 2015). These relationships can now
be examined back further in time with the newly reconstructed time series. This study
will be continued by investigating the newly constructed severe thunderstorm
climatology in relation to different modes of climate variability (e.g., ENSO, NAO, PDO,
AO, etc.).
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Appendix A
Severe thunderstorm days’ verification for threshold of SEV10000
Date
(Validated Date)
18 May 1930

County (State)

Report

Verification Sources

Phillips (AR)

Tornado

29 Apr 1933

Columbia (AR)
Washington (MS)

Tornado
Tornado

16 Jul 1934
24 May 1938

Shelby (TN)
Marshall, MS
Mid-South
Garland (AR)

Wind
Wind and hail
Heavy hail
Wind and hail

The Arkansas Gazette
The Commercial Appeal
Grazulis Significant Tornadoes
The Huntsville Times
The Arkansas Gazette
The Commercial Appeal
Grazulis Significant Tornadoes
The Huntsville Times
The Commercial Appeal
The Arkansas Gazette
The Commercial Appeal
The Arkansas Gazette

10 Apr 1943
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Date
(Validated Date)
(11 Apr 1943)
25 May 1955
(26 May 1955)

06 Mar 1971

27 Sep 1972
(29 Sep 1972)
02 May 1973
14 Sep 1977
10 Jun 1982
(11-12 Jun
1982)
18 May 1989

27 Apr 1998

26 May 2000
15 May 2003
(16 May 2003)

26 Feb 2008

30 Jul 2009

County (State)

Report

Verification Sources

Pulaski (AR)
Shelby (TN)
Garland (AR)
Jackson (AR)
Perry (AR)
Salina (AR)
Woodruff (AR)
Jefferson (AL)

Hail damage

Prentiss (MS)
Tippah (MS)
Lee (MS)
Francis (AR)
Shelby (TN)
Chicot (AR)

Tornado
Tornado
Wind (55 knots)
Tornado
Wind (50 knots)
Hail (1.5 inch)

The Commercial Appeal
The Commercial Appeal
The Arkansas Gazette
The Huntsville Times
Grazulis Significant Tornadoes
Storm Events Database
Storm Events Database
Alabama Tornado Database
Grazulis Significant Tornadoes
Storm Events Database
Grazulis Significant Tornadoes
Grazulis Significant Tornadoes
Storm Events Database
Grazulis Significant Tornadoes
The Commercial Appeal
Storm Events Database

Crawford (AR)
Sevier (AR)
Crittenden (AR)
Howard (AR)
Johnson (AR)
Sebastian (AR)
Saline (AR)
Phillips (AR)
Pulaski (AR)
Cleveland (AR)
Sebastian (AR)
Shelby (TN)
Faulkner (AR)
Perry (AR)
Saline (AR)
Woodruff (AR)
Lee (MS)
Jefferson (AL)
Shelby (AL)
St. Clair (AL)
Calhoun (Al)
Central Alabama
Arkansas (AR)
Dallas (AR)
Phillips (AR)
DeSoto (MS)
Shelby (TN)

Tornado
Hail (1.75 inch)
Wind
Wind
Wind
Wind
Tornado
Hail (1.75 inch)
Hail (1.75 inch)
Hail (1.75 inch)
Wind (69 knots)
High Wind
Tornado
Tornado
Tornado
Tornado
Hail (1.75 inch)
Tornado
Tornado
Tornado
Hail (>1 inch)
Wind (>50 knots)
Tornado
Tornado
Tornado
Tornado
Tornado

The Commercial Appeal
Grazulis Significant Tornadoes
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database
Storms Events Database
The Arkansas Gazette
The Arkansas Gazette
The Commercial Appeal
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database
Alabama Tornado Database
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database
The Commercial Appeal
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database

Hail (large)
Tornado
Tornado
Tornado
Tornado
Tornado
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Appendix B
Severe thunderstorm day’s verification for threshold of SEV 20000
Date
County (State)
Report
Verification Sources
(Occurrence)
21 Apr 1928
Tipton (TN)
Tornado
The Commercial Appeal
Grazulis Tornado Database
24 Apr 1932
Shelby (TN)
Tornado
The Arkansas Gazette
(25 Apr 1932)
The Commercial Appeal
Grazulis Tornado Database
The Huntsville Times
11 Feb 1932
Marion (AL)
Wind
The Huntsville Times
24 Mar 1936
Arkansas (AR)
Tornado
Grazulis Tornado Database
Jefferson (AR)
Tornado
Grazulis Tornado Database
Prairie (AR)
Tornado
Grazulis Tornado Database
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Date
(Occurrence)
26 Apr 1944
(27 Apr 1944)

26 Mar 1948

01 May 1949

09 Jun 1951

14 May 1953
(15 May 1953)
08 April 1957

01 May 1962
11 Jul 1964
01 May 1967

20 Jun 1969

27 Nov 1973

County (State)

Report

Verification Sources

Lincoln (AR)
Ashley (AR)
Ouachita (AR)
Lafayette (MS)
Pulaski (AR)
Leflore (MS)
Pickens (AL)
Desoto (MS)
Yalobusha (MS)
Madison (AL)
Chickasaw (MS)
Pulaski (AR)
Sharkey (MS)

Hail (large)
Damaging Hail
Damaging Hail
Damaging Hail
Wind (54 knots)
Wind and Hail
Tornado
Wind
Wind
Wind
Tornado
Wind
Tornado

Clay (MS)

Tornado

The Arkansas Gazette
The Commercial Appeal
The Commercial Appeal
The Commercial Appeal
The Arkansas Gazette
The Commercial Appeal
The Huntsville Times
The Commercial Appeal
Grazulis Tornado Database
The Huntsville Times
Grazulis Tornado Database
The Arkansas Gazette
The Commercial Appeal
Storm Events Database
Storm Events Database

Oktibbeha (MS)
Calhoun (MS)
Franklin (AL)
Marion (AL)
Marshall (AL)
Morgan (AL)
Lawrence (AL)
Winston (AL)
Tunica (MS)

Tornado
Tornado
Tornado
Tornado
Tornado
Tornado
Tornado
Tornado
Tornado

Shelby (TN)
Shelby (TN)
Hot Springs (AR)
Bolivar (MS)
Talladega (AL)
Jefferson (AL)
Shelby (TN)
Shelby (TN)
Grenada (MS)
Desoto (MS)
Faulkner (AL)
Shelby (TN)
Desoto (MS)
Cullman (AL)
Madison (AL)
Morgan (AL)
Walker (AL)

Wind (65 knots)
Tornado
Tornado
Tornado
Tornado
Tornado
Hail (1.5 inch)
Tornado
Tornado
Wind (52 knots)
Tornado
Tornado
Tornado
Tornado
Tornado
Tornado
Hail (1 inch)
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The Arkansas Gazette
Grazulis Tornado Database
Grazulis Tornado Database
Grazulis Tornado Database
Grazulis Tornado Database
Grazulis Tornado Database
Grazulis Tornado Database
Storm Events Database
The Commercial Appeal
The Huntsville Times
The Commercial Appeal
Storm Events Database
The Arkansas Gazette
The Commercial Appeal
Storm Events Database
Storm Events Database
Storm Events Database
The Commercial Appeal
Storm Events Database
Storm Events Database
Storm Events Database
Alabama Tornado Database
The Commercial Appeal
Storm Events Database
Storm Events Database
Storm Events Database
Storm Events Database

Date
(Occurrence)
14 Jun 1975
(15 Jun 1975)
29 May 1979
(30 May 1979)
14 Apr 1982
(15 Apr 1982)
21 Apr 1984

County (State)

Report

Verification Sources

Pulaski (AR)

Tornado

The Arkansas Gazette

Jefferson (AL)
Fayette (AL)
Hot Springs (AR)
Lonoke (AR)
Shelby (TN)
Leflore (MS)
Tallahatchie (MS)
Yalobusha (MS)
Lafayette (MS)
Union (MS)
Bibb (AL)

Tornado
Tornado
Hail (1.75 inch)
Hail (1.75 inch)
Tornado
Tornado
Tornado
Tornado
Tornado
Tornado
Tornado

Alabama Tornado Database
Alabama Tornado Database
Storm Events Database
Storm Events Database
Alabama Tornado Database
The Commercial Appeal
Grazulis Tornado Database
Grazulis Tornado Database
Grazulis Tornado Database
Grazulis Tornado Database
The Huntsville Times

Chapter 3: The Deep South Tornado Outbreak 21-22 March 1932
Abstract
The Southeast has a high climatological risk for tornado outbreaks, especially
those with strong, long-track tornadoes. Social and physical characteristics, such as high
population density, high mobile home stock, tornado seasonality, and the high number of
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nocturnal tornadoes cause the region to be particularly susceptible to tornado fatalities.
The Deep South tornado outbreak of 21-22 March 1932 was one of the deadliest known
tornado outbreaks to impact the Southeast. This chapter comprehensively reconstructs
the meteorological conditions and societal impacts of this historic tornado outbreak from
archived instrumental observations and newspapers. A series of reconstructed surface
maps depict the progression and synoptic patterns of this tornado outbreak, and these
reconstructed maps are compared to 20CR derived surface maps. This research used
archived regional newspapers to describe the impacts of three violent F4 tornadoes that
impacted north and central Alabama. The results provide a comprehensive overview of
this historic tornado outbreak and highlights the region’s vulnerability to tornadoes.

Introduction
Between 21 March and 22 March 1932, the catastrophic “Deep South tornado
outbreak” struck the Southeast U.S resulting in approximately 332 fatalities across eight
states. In total, there were 36 confirmed tornadoes, 10 of which were violent (rated F4 or
greater) and 27 were killers (Grazulis 1993; Murray, 2015). The total number of
tornadoes and fatalities are potentially conservative estimates because other weaker or
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non-reported tornadoes likely occurred. Although this was a widespread event, Alabama
suffered the greatest loss with an estimated 268 fatalities and 1,874 injuries (NOAA
2019). At least 15 tornadoes impacted the state, and 8 of those were violent. Murry
(2015) noted that the 10 violent tornadoes ranks this event as the fifth most violent
tornado outbreak in U.S. history.
Unfortunately, this outbreak is poorly documented (Galway 1981; Murray 2015),
but previous studies have briefly discussed the outbreak (Galway 1981; Grazulis 1993;
Grazulis 2001; Knupp et al. 2014; Islam and Flynn 2018). Murray (2015) presented a
brief overview of the meteorological conditions and described several tornadoes that
impacted Alabama. Cole (2009) used archived documents to describe impacts that
occurred across Alabama. In a published account by Latham (2005), he described the
loss of his parents and five siblings in an F4 tornado near Plantersville, Alabama.
Otherwise, no formal study has comprehensively analyzed this significant tornado
outbreak.
Background
Tornado outbreak definitions are subjective, and the literature cites several
different definitions (Galway 1977; Grazulis 1993; Verbout et al. 2006; Fuhrmann et al.
2014; Mercer et al. 2019). Galway (1977) and Mercer et al. (2019) defined an outbreak
as six or more tornadoes. Grazulis (1993) and Fuhrmann et al. (2014) defined an
outbreak as six or more tornadoes associated with the same synoptic system with no more
than six hours between tornadoes. Verbout et al. (2006) used the phrase “big tornado
day” instead of tornado outbreak, which they defined as a number of tornadoes exceeding
a specific intensity on a single day. Galway (1977) noted that defining an outbreak by
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the number of tornadoes is arbitrary and has flaws. He defined three types of tornado
outbreaks including local, progressive, and line, and he discussed the importance in
identifying the meteorological patterns associated with each type. Others have attempted
to classify tornado outbreaks based on intensity and significance. For their O-Index,
Doswell et al. (2006) recognized that tornado outbreak rankings should include variables
other than the number of tornadoes (e.g., number of fatalities, number of killer tornadoes,
Destruction Potential Index, etc.) because a large outbreak of significant tornadoes will
have a greater impact than a large outbreak of weak tornadoes. Fuhrmann et al. (2014)
developed a Fujita miles metric to rank outbreaks, which is the path length x Fujita scale
rating. Interestingly, they found that between 1973 and 2010, tornado outbreaks
accounted for 83% of violent tornadoes (rated F/EF4 or greater) and 79% of tornado
related fatalities.
The Southeast is known to be vulnerable to tornadoes (Ashely 2007; Simmons
and Sutter 2012; Coleman and Dixon 2011; Farney and Dixon 2015). Ashley (2007)
determined that the Southeast had the greatest number of tornado related fatalities
between 1880 and 2005, and thus, the greatest risk. The Southeast’s higher population
density, high mobile home stock, frequent nocturnal tornadoes, and the year-round risk
for tornadoes partially attribute to the region’s vulnerability. A study by Simmons and
Sutter (2012) determined that between 1950 and 2010 approximately 30% of both
tornado related fatalities and injuries occurred in the Southeast. Coleman and Dixon
(2014) determined the highest risk for significant tornadoes to be from Oklahoma to
central Alabama. Fuhrmann et al. (2014, p. 698) states that the Deep South is the region
most at risk to “strong, long-track, killer tornadoes, and that these are more likely to
54

occur in outbreaks.” Between 1950 and 1973, Galway (1975), found that 23% of tornado
outbreaks occurred in the Southeast. Thus, the Southeast’s vulnerability to tornado
outbreaks is two-fold. First, the region has a greater climatological likelihood for tornado
outbreaks with strong, long-track tornadoes. Second, the region’s societal characteristics
increases its risk to severe thunderstorms and tornadoes. Below is a brief list of notable
tornado outbreaks that have affected the region.
First, the “Enigma Outbreak” on 19 February 1884 resulted in approximately 60
tornadoes across seven southeastern states (Ludlum 1975; Galway 1981), and fatalities
were estimated to be between 420 and 800. Ludlum (1975) described rural areas and
African Americans being the most affected. Second, an outbreak swept across the
Southeast 23-24 April 1908. Approximately 310 fatalities occurred across Louisiana,
Mississippi, Alabama, and Georgia. A destructive tornado resulted in 55 fatalities in the
small town of Purvis, Alabama (Monthly Weather Review 1908). Galway (1981) noted
that this event renewed interest in tornado and tornado outbreak reporting. Third, the
Tupelo-Gainesville outbreak on 5-6 April 1936 produced 446 deaths across the Midwest
and Southeast (Galway 1981). Remarkably, approximately 203 fatalities occurred at
Tupelo, Mississippi and 203 at Gainesville, Georgia. Fourth, the 3-4 April 1974 “Super
Outbreak” stood as one of the most noteworthy tornado outbreaks for nearly four decades
due to the number and intensity of tornadoes produced (Locatelli et al. 2002; Galway
1981) and the large geographic extent that it impacted. At one point, 15 tornadoes were
occurring at the same time across the affected region (Corfidi et al. 2010). Though
Alabama was on the southern fringe of this outbreak, three of the five deadliest tornadoes
and the longest track tornado of the event (~110 miles) occurred there. Of the 335
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fatalities, Alabama suffered the greatest death toll of 77 (Galway 1981). Last, the
Southeast was devastated by the catastrophic “Super Dixie Outbreak” that took place 2528 April 2011. This outbreak was one of the deadliest (321 fatalities) and had the largest
number of tornadoes (~350) (Knupp et al. 2014). Klockow et al. (2014) noted that there
were 15 violent tornadoes. The most destructive day was 27 April when 199 tornadoes
resulted in 316 fatalities (Knupp et al. 2014). Sixty-two tornadoes struck Alabama
(Flynn and Islam 2018) and resulted in 234 fatalities on that day (Simmons and Sutter
2012). This brief list highlights the Southeast’s vulnerability to significant tornado
outbreaks. Doswell et al. (2012) state that similar significant outbreaks will continue to
occur in the future. Therefore, it is important to understand these past events.
Previous research has utilized archived historical documents to reconstruct
historic weather events (Kocin 1983; Kocin et al. 1988; Grazulis 1993; Ostuno 2008;
Johns et al. 2013). Newspapers, diaries, and ship logbooks provide first-hand accounts
that can add further insight into extreme weather events. Kocin (1983) used archived
instrumental observations from the U.S. Signal Service station reporting, voluntary
observer reports, the Surgeon General’s office, and ship logbooks to reconstruct the
synoptic features of the “Blizzard of 1888.” A study by Kocin et al. (1988) utilized
archived instrumental data from 62 Weather Bureau stations and ship weather reports to
construct and analyze surface charts and the evolution of a major cold outbreak and East
Coast blizzard that occurred in February 1899. For perspective, they compared this event
to two modern cold air outbreaks in 1982 and 1985. Ostuno (2008) reconstructed four
tornadoes, including an F5, that struck southwest Lower Michigan during a tornado
outbreak in 1956. He combined eyewitness accounts with archived newspaper articles,
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photographs, and film footage to re-evaluate the damage paths. Considered the deadliest
single tornado, Johns et al. (2013) used eyewitness reports, archived newspapers and
photographs, and local books to analyze damage points and investigate the path
continuity of the 1925 “Tri-State tornado.” Using the collected damage points, they
found that the 151 mile main damage path was likely continuous and not a family of
tornadoes. Thus, archived documents offer a great opportunity to reconstruct the societal
impacts of past extreme events.
Compo et al. (2011) developed the 20th Century Reanalysis dataset (20CR) using
the most consistent observations backward in time to minimize issues with
inhomogeneities related to non-climatic biases. There is potential to reconstruct historic
weather events prior to the modern record using 20CR version 2c, which extends back to
1851. However, studies analyzing long-term trends in 20CR have found that
inhomogeneities still exist in the dataset prior to 1950 (Ferguson and Villarini 2012,
2014; Brönnimann et al. 2012; Krueger et al. 2013). The main attribution of these
inhomogeneities is the change in density of assimilated observations over time. Recent
research has also evaluated 20CR by reconstructing weather conditions associated with
past historic weather events and comparing the results to archived observations (Ernst et
al. 2017; Meyer et al. 2017; Villiger et al. 2017). Ernst et al. (2017) used 20CR to
reconstruct the “Marzorkan” winter storm that impacted Western and Central Europe in
March 1876. They compared the 20CR derived sea-level pressure and winds to historic
weather maps and measured data. Overall, they found good agreement between the two.
A study by Meyer et al. (2017), examined the “Great Gale of 1881” that struck the
English and Scottish East Coast. They compared 20CR derived sea-level pressure to
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historic weather maps of the storm and found that 20CR captured the main features of the
event. Villiger et al. (2017) evaluated the ability of 20CR to reproduce the “Royal
Charter” storm of 1859 by comparing it to historic weather maps. They found that 20CR
duplicated the synoptic pattern relatively well, but the intensity and timing of the wind
maxima did not match well with the historic maps. Thus, while 20CR tends to capture
broad synoptic patterns, significant differences between 20CR and observations can
occur at smaller scales.
The objective of this paper is to describe the 1932 Deep South tornado outbreak
as reconstructed from archived observations, historical documents, and 20CR. This
research addresses two questions:
1. What were the synoptic patterns and regional impacts of the 1932 Deep South
tornado outbreak?
2. Is the synoptic pattern of the 21-22 March 1932 Deep South tornado outbreak
reproduced in 20CR?
This paper is structured as follows. Data and methods used to reconstruct the tornado
outbreak and its impacts are presented in section 2. Analysis and results are presented in
section 3. Results are discussed in section 4.
Data and methods
Instrumental data
Surface Airways Observations Form 1180
Surface Airways Observations (SAO) [Weather Bureau (WB) Form 1130] were
standard hourly weather observations reported at airport locations across the United
States. For select stations, observations extend back to 1928 when commercial aviation
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began in the U.S. Unfortunately, not all stations reported observations every hour in
1932. For consistency, this research only used stations that reported observations at least
every three hours. Station observation times were estimated to the nearest hour and
converted to Universal Time Coordinated (UTC). In total, this study used 48 SAO
stations. Reported weather observations include Weather Bureau Army Navy (WBAN)
station id, ceiling and cloud conditions, visibility, wind direction and velocity,
temperature, dew point, pressure, and current weather. Occasionally, stations would only
report select weather observations. For example, it was relatively common for stations to
only report the dew point every three hours.
The WB Form 1001 includes detailed surface observations recorded at WB
stations across the U.S. twice a day (0100 and 1300 UTC). The reported observations
include temperature, pressure reduced to sea-level, dew point, relative humidity, wind
direction (8-point compass), cloud and sky conditions, and state of the weather. Many
stations reported prevailing hourly wind direction and hourly-averaged wind velocity, but
prevailing winds are not quite as useful here. Thus, analysis only included observations
at 0100 UTC and 1300 UTC from Form 1001, but this is in addition to 35 SAO stations.
In total, this research utilized 83 stations from the two forms. Station descriptions
provided on these reports assisted in estimating each station’s latitude and longitude
coordinates. The WBAN Circular N manual (Weather Bureau 1968) was consulted
because it describes standards for reporting surface weather observations (both 1130 and
1001) in 1932. WB Forms 1130 and 1001 were obtained from the National Centers for
Environmental Information (NCEI) Environmental Document Access and Display
System Version 2 (EV2) (https://www.ncdc.noaa.gov/EdadsV2/). NCEI provides the
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data as scanned digital copies of the original reports; thus, all reports were keyed into a
digital table for further analysis. Reports with illegible data were keyed as missing.
Station models were built using each station’s coordinates and observations, and these
were then used to construct hourly surface charts beginning 1300 UTC 21 March to 0600
UTC 22 March.
The WB reanalyzed synoptic surface charts (U.S. Weather Bureau 1944) and
tracks of cyclone centers charts (Monthly Weather Review 1932) assisted in determining
synoptic features during the outbreak. Synoptic charts indicate surface frontal features
and pressure analysis at 13Z each day. The WB charted tracks of cyclone centers each
day at 01Z and 13Z.
Integrated Global Radiosonde Archive Version 2
The Integrated Global Radiosonde Archive (IGRA) is a collection of digitized and
quality-assured historical pilot balloon (pibals) and radiosonde observations. Though
most stations did not consistently launch radiosondes until the 1940s (Durre 2006),
several stations did launch pibals in March 1932. Pibals recorded wind direction and
speed, though the maximum height was 2,500 meters above sea-level. Upper-air winds
were examined using pibals obtained from IGRA, which included six stations: Memphis,
TN; St. Louis, MO; Cleveland, OH; Evansville, IN; Jackson, MS; and Tinker Air Force
Base, OK. Upper-level winds at these six locations assisted in locating synoptic features.
IGRA version 2 was accessed from NCEI (https://www.ncdc.noaa.gov/dataaccess/weather-balloon/integrated-global-radiosonde-archive).
Reanalysis data
Twentieth-Century Reanalysis Version 2c
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Compo et al. (2011) purposefully developed 20CR to minimize issues with
inhomogeneity by employing the most consistent observations backwards in time as
boundary conditions including surface pressure, monthly sea surface temperature, and
sea-ice concentration. 20CR uses NCEP/GFS 2008ex forecast model and a deterministic
Ensemble Kalman Filter data assimilation method to produce reanalyzed data (Compo et
al. 2011; Donat et al. 2011). 20CR extends back to 1851 and is currently the only dataset
with temporal coverage before 1950. This research utilized 20CR for its consistency and
long-term temporal coverage. Unfortunately, discontinuities still exist in the dataset prior
to 1950 (Ferguson and Villarini, 2012, 2014; Compo et al. 2011), most likely due to
observational network changes (Ferguson and Villarini 2014). Thus, 20CR must be used
with caution.
20CR’s output dataset is the most likely state of the atmosphere every six hours
on a global grid with a horizontal resolution of 2° latitude by 2° longitude and vertical
resolution of 24 pressure levels (hPa). 20CR V2c was obtained from the National
Oceanic and Atmospheric Administration (NOAA)/Oceanic and Atmospheric Research
(OAR)/Earth Systems Research Laboratory (ESRL) Physical Science Division (PSD)
(https://www.esrl.noaa.gov/psd/data/testdap/datasets) and used to reconstruct six-hourly
synoptic and upper-level charts between 1200 UTC 21 March and 0600 UTC 22 March.
The following variables were downloaded and analyzed: two-meter temperature, 10meter wind, surface pressure, 500 hPa wind, and 500 hPa geopotential height. Analysis
of 20CR involved comparing the location of synoptic features between synoptic charts
reconstructed from instrumental observations and 20CR. This evaluated how well 20CR
performed at reproducing the 1932 outbreak.
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Historical sources
Reconstructed synoptic charts characterize synoptic features of the outbreak, but
these charts do not provide any insight into the societal impacts of the event. Historical
documents have previously aided in the reconstruction of past extreme weather events
(Enfield 1997, 2006; Chenoweth and Landsea 2004; Burnette and Stahle 2013) and to
document associated impacts (Grazulis 1993; Mock et al. 2007; Mock et al. 2010). These
sources helped in understanding the geographical extent of the outbreak, the resulting
loss of life and property, and the recovery efforts in the days following the event. This
study used the following types of archived sources.
Newspapers
Newspapers provided detailed reports of the destruction and aftermath of the
tornado outbreak at daily and subdaily resolution. Many regional newspapers reported
lists of names of people who perished because of the tornadoes. The enormous impacts
and large geographical extent of the outbreak resulted in considerable media attention
outside of the affected region in the days following the tornadoes, including in the New
York Times and TIME magazine. Despite this fact, Grazulis (1993) noted that studies
must interpret newspapers with caution because of inaccurate reporting and
sensationalized accounts. Newspapers proved invaluable in determining the societal
impacts that occurred during the Deep South outbreak (Table 3-1).
Tornado Databases
Thomas Grazulis (1993) developed and published Significant Tornadoes, a
tornado climatology that spans 1690 to 1995. He documented and compiled a record of
tornadoes using tornado databases held by the National Severe Storms Forecast Center
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(NSSFC) and by locating past tornadoes in archived newspaper reports. This tornado
climatology contains all known significant tornadoes (i.e., a tornado rated as F2 or greater
on the Fujita Damage Scale or a tornado resulting in a fatality), which Grazulis
determined by analyzing descriptions of tornado damage. This tornado climatology
provides important information (when available) on each documented tornado including
tornado location and time of occurrence, damage scale rating, path length and width,
fatalities and injuries, and brief detailed descriptions of the tornado and loss. Note that
this climatology does not include all tornado occurrences and is often based on limited
descriptions of past events.
The Alabama Tornado Database was accessed from the NWS Birmingham
(https://www.weather.gov/bmx/tornadodb_main) and both the NWS Nashville Tornado
Database and NWS Morristown Tornado Database from
(http://www.midsouthtornadoes.msstate.edu/). When available, these databases provide
details on the time and location of each tornado occurrence, F-scale rating, fatalities,
injuries, tornado path length and width, and brief descriptions of the impacts. These
databases utilize the Significant Tornadoes and local and regional newspapers for this
outbreak.
Descriptions provided in tornado databases served to estimate and plot tornado
tracks. For example, Grazulis (1993) states that a F4 tornado occurred near Tuscaloosa,
Alabama, on 21 March 1932. He described the tornado as beginning near Ralph,
Alabama and ending in Northport, Alabama. Thus, latitude and longitude coordinates
were estimated for each location, and the tornado was assumed to follow a straight path
between them. Note that archived documentation provided descriptions used to estimate
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tornado tracks, and there are potentially undocumented tornadoes that occurred in the
1932 Deep South Outbreak.

Table 3-1. Archived newspapers and databases. Sources consulted for the 21-22 March
1932 tornado occurrences and to determine the associated impacts across the southeastern
U.S.
Source
Alabama Tornado Database
The Arkansas Gazette
The Atlanta Constitution
The Birmingham News
The Florence Times
Grazulis Tornado Database
The Huntsville Times
The Knoxville Journal
Memphis Press-Scimitar
Nashville Banner
The Nashville Tennessean
The New York Times
NWS Tornado Database
The Tuscaloosa News

Location
Online at:
https://www.weather.gov/bmx/tornadodb_main
Arkansas State Archives, Little Rock, AR
University of Memphis, Memphis, TN
Birmingham Pubic Library, Birmingham, AL
University of Memphis, Memphis, TN
Grazulis, T. 1993. Significant Tornadoes,
1680-1991
Madison County Public Library, Huntsville,
AL
University of Memphis, Memphis, TN
University of Memphis, Memphis, TN
University of Memphis, Memphis, TN
University of Memphis, Memphis, TN
University of Memphis, Memphis, TN
Online at:
http://www.midsouthtornadoes.msstate.edu
Online at: https://news.google.com/newspapers

Date Range
Mar 21-22
Mar 19-28
Mar 20-28
Mar 20-28
Mar 20-28
Mar 20-22
Mar 20-28
Mar 20-28
Mar 20-28
Mar 20-28
Mar 20-28
Mar 20-28
Mar 21-22
Mar 20-28

Results
This research reconstructed the synoptic pattern and societal impacts from the
March 1932 Deep South tornado outbreak. This involved obtaining and analyzing
historic weather observations and Weather Bureau charts, archived newspapers, and
tornado databases. Thus, this study provides a comprehensive review of this historic
event. Analyses and results are described below, including (1) spatial analysis of tornado
tracks, (2) historical meteorological analysis, (3) new synoptic analysis, (4) comparison
to 20CR, and (5) tornado outbreak impacts.
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Tornado Outbreak Spatial Analysis
The 21-22 March 1932 Deep South tornado outbreak resulted as a midlatitude
cyclone progressed from the southern to northeastern U.S. The tornado outbreak began
with the first known tornado at 2000 UTC on 21 March in Monroe County, Mississippi.
The outbreak continued into 22 March when the last known tornado occurred at 0800
UTC in Jones and Baldwin Counties in Georgia. Two regional concentrations of
tornadoes occurred: (1) Deep South including Mississippi, Alabama, Tennessee, Georgia,
and South Carolina and (2) Mid-West including Illinois, Indiana, and extreme northern
Kentucky (Fig. 3-1 and Table 3-2). However, the greatest number of tornadoes occurred
in the Deep South. Grazulis (1993) documented 36 known significant tornadoes but
suggested that several tornadoes were likely families of tornadoes. Shamburger (2016)
found evidence from archived newspapers of four previously undocumented tornadoes,
which this study included. Of the 40 total known tornadoes from this outbreak, the total
for each state was the following: Alabama 16, Tennessee 13, Georgia 5, Indiana 3,
Illinois 2, South Carolina 2, Kentucky 1, Mississippi 1 (three tornadoes crossed state
boundaries). There were 10 violent tornadoes (i.e., rated F4) and 9 rated F3. Violent
tornadoes averaged approximately 35 miles each, and the longest track was an F4 that
tracked an estimated 75 miles through northeast Alabama and southern Tennessee. F4
tornadoes caused the most fatalities (262). Alabama was the most affected by violent
tornadoes, specifically those rated F4. There were 18 tornadoes rated F2, and these
occurred in every state affected by the outbreak. There is potential that there were other
tornadoes associated with this outbreak, but Grazulis (1993) only documented tornadoes
with F2 strength or those causing a fatality.
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Fig. 3-1. Tornado Tracks. Tracks of all the known tornadoes that occurred during the 2122 March 1932 Deep South tornado outbreak. Tornado track “ID” numbers identifies
tornado characteristics on Table 3-2.
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Table 3-2. Tornado Descriptions. Descriptions of all known tornadoes that occurred
during the 21-22 March 1932 Deep South Outbreak. Tornado “ID” identifies the tornado
track on Fig. 1. Source: Significant Tornadoes (1993) and NWS Tornado Database.
ID

Date

UTC

ST

County

1
2
3
4

21
21
21
21

2000
n/a
2100
2115

MS
AL
IL
AL

5
6
7
8
9

21
21
21
21
21

2130
2130
2200
2215
2230

AL
IN
AL
IN
AL

10

21

2230

AL

11
12
13
14
15

21
21
21
21
21

n/a
2300
2300
2310
2330

TN
TN
IL
AL
AL

16
17
18
19
20
21
22

21
21
22
22
22
22
22

2330
n/a
0000
0000
0015
0015
0015

TN
TN
TN
TN
IN
KY
GA
/TN

23

2

0030

GA

24
25
26

22
22
22

0030
0030
0100

GA
TN
AL

27
28

22
22

0100
0100

AL
TN

29
30

22
22

0100
0110

TN
AL

Monroe
Lauderdale
Saline
Marengo/Greene/
Hale
Marengo/Perry
Pike
Tuscaloosa
Lawrence
Cullman/
Morgan/Marshall
Perry/Bibb/Chilt
on/Shelby/Coosa
Lawrence
Lewis
Jasper/Crawford
Shelby/Talladega
Perry/Chilton/
Coosa
Giles
Williamson
Williamson
Bedford/Marshall
Vanderburgh
Uniontown
Whitfield/
Murray,
GA/Polk, TN
Polk/Floyd/
Bartow
Bartow/Cherokee
Davidson
Marengo/Hale/
Perry
Hale/Perry
Wilson/
Trousdale
Dekalb/Cannon
Talladega

Length
(mi)
n/a
n/a
6
7

Width
(yd)
n/a
n/a
15
125

20
n/a
20
11
25
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Fatalities

Injuries

Rating

n/a
0
0
3

n/a
0
0
9

F2
F2
F2
F3

200
n/a
400
200
600

3
0
37
0
18

12
1
200
6
100

F2
F3
F4
F3
F4

60

800

49

150

F4

8
n/a
7
15
50

200
n/a
100
200
800

0
0
0
14
31

12
8
1
75
200

F1
F2
F2
F4
F4

13
n/a
5
10
1
0.5
20

250
n/a
150
600
150
70
600

6
n/a
1
1
0
2
15

18
n/a
8
20
0
7
50

F4
n/a
F2
F3
F2
F2
F4

30

500

12 (10)

80

F3

25
4.5
20

200
n/a
100

4
0
10

30
2
30

F3
F1
F3

10
10

400
n/a

1
2

1
n/a

F2
F2

n/a
25

n/a
400

2
41

10
325

F2
F4

Table 3-2 Continued
31

22

0130

AL

32

22

0130

AL

33
34
35

22
22
22

0150
0150
0200

TN
TN
AL

36

22

0200

AL/
TN

37
38
39
40

22
22
22
22

0600
0630
0645
0800

SC
SC
GA
GA

Lawrence/
Morgan
Winston/
Cullman/
Morgan
Bradley/McMinn
Scott
Talladega/
Clay
/Randolph
Morgan/
Madison/
Jackson, AL/
Marion, TN
Spartanburg
Cherokee
Clarke/Madison
Jones/Baldwin

5

n/a

4

10

F2

10

200

8

25

F3

10
n/a
45

300
n/a
400

1
0
13

21
13
160

F3
F2
F4

75

400

38

500

F4

9
8
18
7

200
n/a
200
70

2
1
12
1

30
5
35
5

F2
F2
F3
F2

Historical Meteorological Analyses
Most observing stations in the central and eastern U.S. reported below normal
temperatures for March 1932 (form 1001). For example, Omaha, Nebraska, 5.6°F below
normal; Pittsburg, Pennsylvania, 6°F below normal; Savannah, Georgia, 3.6°F below
normal; and Shreveport, Louisiana, 4.5°F. Several stations reported that March was the
coldest month of the winter. Many stations observed an extended cold outbreak from
around the 4th through the 16th and tree rings along the Red River also recorded this
outbreak (Stahle 1990). A warm winter preceded the cold outbreak and resulted in an
early bloom of plants and crops. Unfortunately, the March cold killed many plants across
the central and eastern U.S. Figure 3-2 shows all the cyclone storm tracks for March
1932. The storm tracks and abnormal cold that occurred during the month suggest that a
mean trough was located over the central and southeastern U.S.
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Fig. 3-2. March 1932 cyclone storm tracks (Monthly Weather Review 1932).

1300 UTC 20 March 1932
Weather Bureau reanalyzed charts (Fig. 3-3) shows high pressure dominating the
Upper Midwest as a continental polar airmass was moving south from Canada. A
cyclone with a 990 mb closed isobar was exiting the northeastern U.S. An occluded front
associated with this cyclone was extending southwestward and impacting the MidAtlantic coast. A warm front was present over the Southeast, although, the front was
stationary over west Texas. A cold front was pushing south in southwest Canada. Over
the Southwest, cyclogenesis was likely occurring near the Utah and Colorado border.
This system had a 995 mb closed isobar, and the lowest observed air pressure (994.5 mb)
occurred in Grand Junction, Colorado. Cold frontogenesis was transpiring and extending
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southwestward from central Colorado, while warm frontogenesis was occurring and
extending southward through Texas and Mexico. Precipitation was occurring north and
west of the center. This was a typical Colorado low pressure system that forms on the
eastern side of the Rocky Mountains and often brings a variety of weather to the Great
Plains and eastern U.S. This midlatitude cyclone would eventually result in one of the
worst known tornado outbreaks to impact the Southeastern U.S.

Fig. 3-3. Weather Bureau reanalyzed synoptic chart for 1300 UTC 20 March 1932 (US
Weather Bureau 1944).

1300 UTC 21 March 1932
The western U.S. was experiencing relatively quiet weather due to high pressure
located just off the coast of California (Fig. 3-4). A cold front was sweeping south out of
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Canada and was located near the U.S border. The midlatitude cyclone affecting the
Northeast on March 20 had now shifted into far northeastern Canada. The center of the
midlatitude cyclone forming over Colorado had moved eastward and was now located
near the Oklahoma and Arkansas border. The lowest observed air pressure was 991.5 mb
at Fort Smith, Arkansas, while the lowest closed isobar was still 995 mb. A cold front
now extended southward from the center across Oklahoma and Texas. A warm front
extended eastward from the center across Missouri, Illinois, Indiana, Kentucky, and
North Carolina. The temperatures in the warm sector ranged from the 50s to the 70s. A
band of precipitation was occurring north of the center from Illinois to the Atlantic
Ocean.
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Fig. 3-4. Weather Bureau reanalyzed synoptic chart for 1300 UTC 21 March 1932 (US
Weather Bureau 1944).

1300 UTC 22 March 1932
High pressure off the coast of California and a continental airmass continued to
dominate the western U.S. (Fig. 3-5). The continental polar airmass and associated cold
front in southern Canada had shifted farther south into the northern Great Plains. There
was precipitation now occurring with the passage of this cold front. The midlatitude
cyclone over Oklahoma and Arkansas had moved to the northeast, and the center was
located over Pennsylvania. The cyclone had deepened since the previous day, and the
lowest closed isobar was 990 mb. The lowest observed air pressure was 989.5 mb at
Pittsburg, Pennsylvania. A cold front extended southwestward from the center along the
Atlantic coastal states and into the Gulf of Mexico. Temperatures were in the 70s°F
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ahead of the cold front. A warm front located north to northeast of the center of the low,
extended eastward over the Atlantic Ocean. At this time, the system appeared to be
undergoing occlusion. Thus, an occluded front was located to the north of the center.
Cold frontogenesis was occurring over the Great Lakes, just to the west of the cyclone.
Behind this system, high pressure was located over Texas.

Fig. 3-5. Weather Bureau reanalyzed synoptic chart for 1300 UTC 22 March 1932 (US
Weather Bureau 1944).

New Meteorological Analyses
1300 UTC 21 March 1932
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The center of low pressure was likely over northeastern Oklahoma (Fig. 3-6), with
the lowest observed air pressure in Tulsa, Oklahoma (987.8 mb). The lowest closed
isobar was 992 mb. A cold front extended southward from the center through Oklahoma
and Texas and a warm front extended eastward across Missouri, Illinois, Indiana,
Kentucky, Virginia, and North Carolina. A trough positioned along the warm front and
aligned toward the northeast. The warm sector had winds generally out of the south and
southeast, temperatures mainly in the 50s, 60s, and 70s°F, and there was a large region of
dew point temperatures greater than 55°F. A tight dew point gradient existed along the
cold front, with dew points behind the front falling into the 20s and 30s°F. Behind the
cold front, winds shifted to the west and northwest and temperatures ranged from the 40s
to 60s°F. The three hour pressure tendency indicated pressure rises along and behind the
cold front. For example, Dallas reported 68°F, dew point 24°F, gusty winds out of the
west at 21 knots, air pressure of 995.6 mb, and the pressure had risen two mb over the
past three hours. Ahead of the warm front, winds were out of the east and northeast,
temperatures were in the 30s and 40s°F, and dew point temperatures ranged from the 20s
to 40s°F. All observations reporting precipitation were concentrated in a band north of
the low and warm front, and most of these observations reported snow and/or sleet.
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Fig. 3-6. Newly analyzed surface chart for 1300 UTC 20 March 1932. Black lines
represent isobars in 4 mb intervals. Red lines represent isotherms in 10°F intervals.
Green shaded area represents region with dew points greater than or equal to 55°F.

1800 UTC 21 March 1932
The exact location of the center of the low is difficult to determine for 1800 UTC
because there is a data void area over northern Arkansas and southern Missouri (Fig. 37). Thus, Southwest Missouri is the estimated location. The lowest observed air pressure
was 992.6 mb at Little Rock, Arkansas, but the central pressure was likely several mb
less near the low. The cold front moved slightly east and stretched southward from the
center across Arkansas, Louisiana, and southeast Texas. The warm front moved a little to
the east and toward the north. Southerly winds pulled warm and humid air farther north,
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where reported temperatures exceeded 60°F and dew points exceeded 55°F as far north as
Illinois and Indiana. Evansville, Indiana, reported 68°F, dew point 59°F, winds out of the
south at 21 knots, air pressure 995.3 mb, and the pressure had fallen four mb over the past
three hours. A lack of observations in Arkansas and Louisiana resulted in the estimated
position of the cold front. However, pressure analysis indicated a potential trough axis
that assisted in estimating the its position. Note also the southwesterly winds at Little
Rock, Arkansas with the higher dew points farther east. A pre-frontal trough or weak
dryline might be located between Little Rock and Memphis, but the limited surface
observations over Missouri, Arkansas, and Louisiana make this difficult to document.
Observations in Texas reported northwest winds, temperatures in the 40s and 50s°F, and
clear conditions. Reports north of the warm front included winds from the east and
northeast and temperatures generally in the 30s and 40s°F. A band of precipitation
remained north of the system, but stations in Kansas reported light snow wrapping behind
the low. Monteagle, Tennessee, which was within the warm sector, observed moderate
rainfall.
Table 3-3 shows pibal observations taken at 1630 UTC on 21 March. These pibal
observations, although taken 1.5 hours before 1800 UTC, assisted in estimating the
position of the center of the low. The lowest level winds in Memphis at 1600 UTC were
out of the south and veering with height. Memphis was likely ahead of the cold front and
experiencing warm air advection. St. Louis observed veering winds at 1630 UTC.
However, near surface winds out of the northeast suggested that St. Louis was just ahead
of the warm front. Tinker Air Force Base in Oklahoma reported backing winds and cold
air advection at 1630 UTC. This suggested that Tinker AFB was behind the cold front in
76

the cold sector of the storm and west of the synoptic low. Nearby Tulsa, Oklahoma,
reported surface pressure rises beginning at 1500 UTC which also suggests that the cold
front had already passed.

Fig. 3-7. Same as Fig. 3-6 but for 1800 UTC 21 March 1932.

Table 3-3. Pibals taken at 1600 and 1630 UTC on 21 March 1932. Heights are in meters,
wind speeds in knots, and M represents missing data.
Memphis, TN
Height MSL
176
250
385
500
750

Direction
M
M
S
SSW
SSW

Speed
M
M
19
35
45

St. Louis, MO
Direction
NE
NE
ESE
SSE
SSW
77

Speed
14
12
12
23
39

Tinker AFB, OK
Direction
M
M
NNW
NW
NW

Speed
M
M
21
29
39

1000
1500

SSW
SW

49
54

M
M

M
M

NW
M

43
M

2100 UTC 21 March 1932
The low had deepened and shifted to the northeast by 2100 UTC (Fig. 3-8). The
center remained in a data void area but was approximately located over eastern Missouri,
and southwest Illinois. Evansville had the lowest observed pressure (988.1 mb), and
there was a 988 mb closed isobar. The central pressure was potentially a few mb lower
than 988, but this cannot be determined without observations. The cold front had
advanced eastward and aligned with the trough axis southwestward from the low. Little
Rock, Arkansas had cooled by 2°F since 1800 UTC and the dew point increased.
Perhaps the cold front was very near the station and had overtaken any pre-frontal trough
or dryline, but the paucity of surface observations prohibits a more detailed analysis. The
warm front shifted slightly to the north between 1800 and 2100 UTC. The temperature
ranged from the 60s to 80s°F over the warm sector, and the dew points were in the 50s
and 60s°F. Clouds were clearing behind the cold front, and dew points were decreasing.
However, the cold front remained in an area void of available observations. The
temperature was in the 40s and 50s°F ahead of the warm front. Indianapolis, Indiana,
observed moderate rain. A trough axis remained aligned toward the northeast. Stations
north of the system and near the Great Lakes reported sleet, snow, and a mixture of sleet
and snow.
By 2100 UTC, the tornado outbreak was becoming destructive. Over the next
three hours, 13 violent tornadoes (F3-F4) occurred within the warm sector. This included
Alabama, Tennessee, Georgia, and Indiana. Two tornadoes rated F3 and five rated F4
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occurred near Birmingham between 2115 UTC 21 March and 0015 UTC 22 March (Fig.
3-8 and Table 3-2). Birmingham, Alabama, was the nearest observing station to the very
deadly tornadoes that occurred in Alabama. At 2100 UTC, Birmingham observed 70°F,
dew point 69°F, gusty winds out of the south at 17 knots, air pressure 999.7 mb and
falling (fallen five mb over past 3 hours) and an overcast sky. Violent tornadoes occurred
around this time north and south of Birmingham.

Fig. 3-8. Same as Fig. 3-6 but for 2100 UTC 21 March 1932.

0100 UTC 22 March 1932
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The low continued to deepen from 2100 UTC to 0100 UTC (Fig. 3-9). Louisville,
Kentucky, had the lowest observed pressure (986.1 mb), but the center was likely just
north of Louisville. The cold front extended southwestward from the center through
Indiana, Kentucky, Tennessee, Mississippi, and Louisiana. A north and eastward shift in
the warm front occurred by 0100 UTC. The temperature in the warm sector remained in
the 50s, 60s, and 70s°F. There was a slight eastward shift in high dew points (>55°F) in
the warm sector. A tight dew point gradient existed along the cold front. For example,
the dew point in Meridian, Mississippi, was 69°F and 33°F in Vicksburg, Mississippi.
Stations reported clearing conditions behind the cold front and data indicated high
pressure building over Texas. Snow, freezing rain, and sleet occurred north of the low
around the Great Lakes. In the warm sector, stations observed rain and thunderstorms.
Tornadoes impacted Alabama and Tennessee around 0100 UTC, including a deadly F4 in
Talladega, Alabama.
A few locations near the cyclone collected pibal observations between 2300 UTC
and 0000 UTC (Table 3-4). Memphis, Tennessee, and Jackson, Mississippi, both had
winds veering from the southwest to west-southwest with height at 2300 UTC. They
were still in the warm sector, but near the cold front at that time. Cleveland, Ohio (at
2330 UTC), observed near surface winds out of the northeast, and the wind veered to the
west-northwest at 2000 meters. Cleveland was experiencing warm air advection but was
well north of the warm front and still far from the synoptic low. Pibal observation
indicated that Evansville, Indiana, was very near the cold front at 0000 UTC. Winds
veered with height and wind speeds increased to 1000 meters, suggesting that Evansville
was still in the warm sector. An F2 tornado occurred near Evansville at 0015 UTC. In
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fact, all the tornadoes that occurred in the Midwest were between 2100 UTC 21 March
and 0015 UTC 22 March.

Figure 3-9. Same as Fig. 3-6 but for 0100 UTC 22 March 1932.

Table 3-4. Pibals taken at 2300 and 2330 UTC 21 March 1932 and 0000 UTC 22 March
1932. Heights are in meters, wind speeds in knots, and M represents missing data.
Cleveland, OH
Height
102
118
245
250
298
500
750

Direction
M
M
NE
M
M
ENE
E

Speed
M
M
10
M
M
12
6

Evansville, IN
Direction
M
S
M
S
SSW
SSW
SSW

Speed
M
6
M
16
29
37
43
81

Jackson, MS
Direction
SW
M
M
W
SW
SW
SW

Speed
17
M
M
31
39
47
33

Memphis, TN
Direction
M
M
M
SW
WSW
WSW
SW

Speed
M
M
M
19
19
19
19

1000
1500
2000

SE
WSW
WNW

4
6
19

SW
M
M

51
M
M

SW
M
M

47
M
M

SW
M
M

16
M
M

0600 UTC 22 March 1932
The system continued to deepen as it moved toward the northeast. The central
pressure was 984.1 mb and centered near Columbus, Ohio (Fig. 3-10). The cold front
shifted toward the east and extended toward the southwest from the center, while the
warm front shifted slightly northward. The front was located just north of Pittsburgh,
Pennsylvania. The system continued to advect warm and humid air to the northeast. The
warm sector was mostly in the 50s and 60s°F but ranged from the 40s to the 70s°F. High
pressure continued to build behind the cold front. Snow and freezing rain were wrapping
into the cold sector behind the system, while snow occurred north of the low. Rain and
thunderstorms continued to occur in the warm sector. Two tornadoes occurred in South
Carolina and two in Georgia between 0600 and 0800 UTC. These were the last known
tornadoes to occur with this outbreak. The system continued to move to the northeast
U.S. over the next day.
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Fig. 3-10. Same as Fig. 3-6 but for 0600 UTC 22 March 1932.

20th Century Reanalysis
1200 UTC 21 March 1932
This analysis reconstructed surface charts and 500 mb charts using 20CR and
compared the results to instrumental observations. At 1200 UTC (Fig. 3-11a), the lowest
observed air pressure was 988 mb located over northeastern Oklahoma. This was near
the position of the synoptic low determined using the 1300 UTC instrumental charts. The
warm front extended eastward within the trough axis from the center to Virginia and
North Carolina, while the cold front stretched southward through central Texas along the
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trough axis. Observational analysis positioned the warm front a little farther north, and
the cold front slightly farther east. The warm sector was over the southern and
southeastern U.S. Within the warm sector, winds were from the south and southwest and
the temperatures were mainly in the 60s and 70s°F.
1800 UTC 21 March 1932
The center of the synoptic low shifted to the east, near northwest Arkansas (Fig.
3-11b). The lowest pressure was at 988 mb. The warm front shifted northward but still
stretched from the center to western Virginia. Observational analysis (1800 UTC) still
positioned the warm front slightly farther north. The cold front shifted to the east.
Observational analysis continued to position the cold front a little farther to the east than
20CR, but limited surface data might be influencing the analysis. Regardless, hourly
observations from Houston, Texas, indicated that the cold front passed through around
2000 UTC. 20CR may be a bit slow given the cold front is well to the west of Houston at
1800 UTC, but limited surface data availability might still be impacting this analysis.
Temperatures in the warm sector ranged from the 50s to 80s°F and winds were mainly
from the south and southwest. A sharp temperature gradient existed along both frontal
boundaries.
0000 UTC 22 March 1932
The synoptic low deepened and continued to shift to the north and northeast. The
lowest pressure was 985 mb over southern Illinois (Fig. 3-11c). The synoptic low was
farther toward the northeast, over south central Indiana, as determined by observational
analysis. The cold front stretched southwestward through Tennessee, Mississippi, and
Louisiana. Observational analysis continued to position the cold front a little more
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eastward, but again, limited surface data might be influencing this analysis. The warm
front continued to shift northeastward and extended from the center to West Virginia and
Pennsylvania. The placement of the warm front was similar between 20CR and
observational analysis. Temperatures in the warm sector were mostly in the 60s and
70s°F. Southerly winds were advecting warm and humid air northward. Colder air, with
temperatures in the 30s°F, was wrapping in behind the system. High pressure was
building in behind the system in the central Plains.
0600 UTC 22 March 1932
The system continued to shift to the northeast and the center was located over
central Ohio (Fig. 3-11d). The lowest pressure was 985 mb. A trough axis extended to
the southwest and to the northeast. The cold front shifted to Ohio, Kentucky, Tennessee,
Alabama, Mississippi, and into the Gulf of Mexico. Cold air and higher pressure were
wrapping in behind the system. The warm front barely moved and stretched over Ohio
and Pennsylvania. The temperature gradient around the cold and warm fronts were
weakening. The position of the synoptic features for 0600 UTC were similar between
20CR and observational analysis.
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Fig. 3-11. 20CR derived surface charts. Surface charts (a) 1200 UTC 21 March 1932, (b)
1800 UTC 21 March 1932, (c) 0000 UTC 22 March 1932, and (d) 0600 UTC 22 March
1932. Black lines are air pressure in 4 mb intervals, red dashed lines are isotherms (only
50°F, 60°F, and 70°F drawn), and wind barbs represent wind direction and speed (knots).

Figure 3-12 shows 20CR derived 500 mb charts. At 1200 UTC 21 March (Fig. 312a), a pronounced trough was located over the central U.S. and a ridge over the east.
The strongest winds were generally located over southwest Texas and northern Mexico.
An area of divergence was located just east of the trough over Oklahoma, east Texas,
Arkansas, and Louisiana. At this time, instrumental analysis placed the surface low over
northeast Oklahoma. By 1800 UTC (Fig. 3-12b), the trough slightly deepened and had a
closed low. The area of divergence shifted eastward and was located over Arkansas,
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Missouri, Mississippi, Tennessee, and Alabama. The strongest winds were located in the
trough, and eastern Texas observed 110 knot winds. A closed low continued through
0000 UTC on 22 March (Fig. 3-12c). The tornado outbreak was ongoing at this time.
Instrumental analysis indicated the surface low had shifted into southern Illinois. The
strongest winds and region of divergence occurred over the area impacted by the
outbreak. At 0600 UTC (Fig. 3-12d), the trough has weakened and there is no longer a
closed low. The area of divergence was located over the eastern U.S. and the surface low
was over Ohio. The tornado outbreak was winding down at this time, but four tornadoes
occurred between 0600 and 0800 UTC in Georgia and South Carolina.

Fig. 3-12. 20CR upper-air charts. Upper-air charts (a) 1200 UTC 21 March 1932, (b)
1800 UTC 21 March 1932, (c) 0000 UTC 22 March 1932, and (d) 0600 UTC 22 March
1932. Bold lines represent geopotential height (meters).
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Impacts
On the morning of 21 March 1932, the Weather Bureau’s forecast called for the
disturbance over Arkansas to shift toward the northeast. Forecasts called for
temperatures to slowly rise ahead of the disturbance and for colder weather to overspread
behind the disturbance. Specific forecasts around the Southeast generally called for
warming on Monday, showers and thunderstorms Monday into Tuesday, followed by
much colder temperatures on Tuesday. There was no indication of a potential outbreak
of severe weather and WB forecasts banned the word “tornado” in 1932 (Murray 2015).
Describing how the tornado outbreak ravaged Alabama, The Birmingham News (1932)
reported:
Giving only a few moments warning, as is its custom, the tornado reared its black
funnel shaped head which could be seen approaching, and it struck, lifted, dipped
and struck again, then reared on its way. Traveling with fury of an unleashed
demon possessed of all-embracing arms, the tornado zig-zagged up and down and
across Alabama until it touched at Paint Rock in Jackson County, where it
apparently left the state. (The Birmingham News 1932, p. 1)
The tornado outbreak 21-22 March 1932 caused considerable loss of life,
property, and livelihood, but it also brought communities together. There were 40 known
tornadoes (10 rated as F4) that occurred across eight states during this outbreak. Thus, it
is beyond the scope of this paper to discuss each tornado and state affected. Below is a
summary of three F4 tornadoes and general impacts that occurred across Alabama.
Northport/Tuscaloosa Tornado
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The fourth tornado to strike Alabama, and the first F4 of the outbreak, occurred in
Tuscaloosa County, Alabama. The tornado began near Ralph, southwest of Tuscaloosa,
at approximately 2200 UTC on 21 March, and ended north/northwest of Tuscaloosa in
Northport. The Tuscaloosa News (1932) described the storm with the following:
A thundershower broke shortly after 3:30 o’clock, but after a torrential downpour,
it ceased. Shortly after 4 o’clock, however, a heavy black cloud rolls up from the
southwest, and following the course of the Warrior River, struck the city near the
Country Club and swept on towards Northport, smashing in houses and bowing
over trees, knocking automobiles from the roadways and ripping wires to shreds.
(The Tuscaloosa News 1932, p. 1)
Grazulis (1993) estimated the path length at 20 miles and the width at 400 yards. In total,
37 people perished in this tornado, including 33 in Northport alone, and approximately
200 injuries occurred (Grazulis 1993). Fatalities and injuries counts were so great that
volunteers and temporary hospitals assisted the victims. Tuscaloosa’s 100 occupancy
hospital was full, so the University of Alabama gymnasium became an emergency
hospital (The Arkansas Gazette 1932).
The tornado destroyed at least 100 homes, damaged another 300, and left an
estimated 150 families homeless (The Tuscaloosa News 1932). Property damage
estimates in Tuscaloosa was $75,000 and in Northport it was $150,000 (The Birmingham
News 1932). Several newspapers captured photographs of the destruction in Northport
following the tornado (Fig. 3-13a-b). The Tuscaloosa Country Club was also damaged,
and 12 people died there as a result of the tornado. The tornado hit the country club at
4:00 p.m., and interestingly, the clock stopped at 4:01 p.m. Several newspapers noted
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additional hazards in the wake of the tornado. The Huntsville Times (1932, p. 1) reported
“early night was lighted by the flames of half a dozen homes which caught fire from
kitchen stoves,” which was a result of gas leaks caused by broken gas lines. To make
matters worse, downed telephone lines hindered communication across the state in the
many storm-stricken areas. Several newspapers reported that Tuscaloosa National
Guardsmen and Tuscaloosa prisoners participated in search and rescue efforts by
scouring through the wreckage. The guardsmen were also there to prevent looting.
Northport declared martial law.
Marion to Jemison Tornado

The sixth tornado to impact Alabama began around 2230 UTC. The tornado
began just north of Marion and continued for approximately 60 miles to Union Grove and
also impacted Lawley, Thornsby, and Jemison. The F4 was the longest track tornado of
the outbreak and impacted five counties. This was the deadliest tornado of the outbreak
which resulted in 49 fatalities and 150 injuries (Grazulis 1993). There were 21 fatalities
in Perry County (includes Marion), nine fatalities in Lawley, and 21 fatalities in Jemison
and Union Grove (Alabama Tornado Database 2019). Despite this being a devastating
tornado, newspapers reported little information regarding property damage. However,
Grazulis (1993) noted that the tornado leveled the Cox community.
During the 1930s, there was a large population of poor, African American
sharecroppers within the Black Belt that did not reside in well-built houses. The
Memphis Press (1932, p. 2) reported, “More than 100 shacks were reported splintered at
Marion, striking terror into the heart of the negro residents of the district.” Given that
this tornado impacted an area with a large African American population, it is possible
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that newspapers didn’t focus their attention to these areas. Also, newspapers did not
always report African American deaths during the 1930s. Thus, the number of fatalities
in central Alabama is potentially a conservative estimate.
A second F4 tornado struck 8 miles southeast about an hour later (2330 UTC) and
impacted communities near Plantersville, Stanton, Lomax, and Marble Valley. This
tornado resulted in 31 fatalities. Volunteers had trouble reaching areas devastated by the
first tornado due to downed trees and power lines (Cole 2009), and another nearby
devastating tornado only exacerbated the situation. The New York Times (1932) reported:
Physicians and volunteer rescue parties battled through rain and along debris
strewn highways to reach plantation cabins levelled by the two tornadoes that
struck Marion, Ala. A relief party after the second tornado found the highway to
Scott’s Station blocked and was forced to return to Marion for saws and axes to
cut a path to the stricken village. (The New York Times 1932, p. 5)
Lacey’s Springs to Jasper (TN) Tornado

The 15th and last known tornado to impact Alabama began in Lacey’s Springs
and continued for approximately 75 miles to Jasper, TN. Although, Grazulis (1993)
noted that this was potentially a family of tornadoes. This F4 tornado began about 0200
UTC on 22 March, which was after dark. This was the eight F4 to impact Alabama and
the tenth and final F4 of the outbreak. A total of 38 fatalities and an estimated 500
injuries resulted from this tornado. Two people died in Lacey’s Springs, four in Paint
Rock, 6 in Bridgeport, 17 in Stevenson, and 8 others in smaller communities.
Reports described Lacey’s Springs and Paint Rock as laid in ruins. The tornado
destroyed three churches and several homes in Lacey’s Springs. The Huntsville Times
91

(1932) discussed damage in Lacey’s Springs and reported, “Large tombstones, some of
them weighing over a hundred pounds were lifted as if they were so much dust and
carried the width of the cemetery falling just inside the burial grounds,” (p. 1). Paint
Rock suffered heavy loss, including multiple general stores, cotton gin, hosiery mill, grist
mill, a Southern Railroad station, and at least 10 homes. Figure 13c-d shows destruction
at the hosiery mill and the business center. In Paint Rock, reports estimated property at
$200,000. The National Guard deployed to Paint Rock, and the Red Cross set up a
command center there (The Florence Times 1932).
Addison White, member of the storm relief committee and chairman of the Red
Cross board of directors, discussed the devastation he saw in rural Jackson County. Mr.
White described Stevenson as being one of the worst hit locations that he visited. The
tornado destroyed approximately 177 homes and 77 barns in this area. Many farmers lost
corn stocks and livestock. Despite a few towns, the path of this tornado traveled through
mainly remote areas. The Huntsville Times (1932) reported:
“The most unfortunate situations in Jackson county,” Mr. White said, “are to be
found in its remote spots, isolated ravines and mountainous sections in which the
destruction occurred. Many homes can be reached only on horseback. Relief
parties can aid these cases only with the greatest difficulty.” (The Huntsville
Times, 1932, p. 1)
The region’s rural and rugged location hampered search and rescue efforts. However,
further complications resulted because these initial efforts occurred during the night.
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Fig. 3-13. Damage photos from the 21-22 March 1932 Deep South tornado outbreak.
Photos include a) Northport, AL (The Florence Times, 24 March 1932), b) Northport, AL
(The Memphis Press, 24 March 1932), c) Paint Rock, AL (The Huntsville Times, 24
March 1932), and d) Paint Rock, AL (The Huntsville Times, 24 March 1932).

Discussion and Conclusions
This research used instrumental and archived historical data to reconstruct the
synoptic pattern and societal impacts of the 21-22 March 1932 Deep South tornado
outbreak. This event also provided an opportunity to compare observed synoptic features
of an extreme event to 20CR derived surface charts. This is a noteworthy event that
ranks as one of the deadliest tornado outbreaks to impact the U.S., but no formal study
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has reconstructed or analyzed the synoptic pattern. At least 40 tornadoes, 37 significant,
occurred across eight states and resulted in 332 fatalities, which is perhaps a conservative
estimate. Alabama suffered the greatest loss with 268 fatalities and 1,824 injuries, which
still ranks as the deadliest tornado day in the state. Thus, attention focused on
summarizing impacts from three of the eight violent tornadoes (e.g., rated F4 on Fujita
scale) that swept across Alabama during the outbreak.
The Southeast U.S. is at risk to tornado outbreaks. Given previous outbreaks have
plagued the region in the past and resulted in substantial loss of life, it is important to
understand these past extreme events. This case study described the synoptic pattern of
the 1932 outbreak and its associated impacts. The outbreak occurred during a period
when WB forecasts banned the word “tornado” and when little was known about
tornadoes. Hence, the event occurred with no warning. Tornado forecasting has made
great strides since 1932, but deadly events still occur (e.g., 25-28 April 2011).
Historical documents are invaluable resources that can provide detailed accounts
and impacts that are particularly useful in understanding the full scope of past events.
Doswell et al. (2012) noted that a tornado outbreak is only significant if it affects society.
Newspapers used in this study describe the 1932 tornado outbreak beyond just when and
where tornadoes occurred, in fact, they tell a story. This story provides insight into many
aspects of the 1932 disaster such as (1) search and rescue efforts immediately after the
tornadoes, (2) the Red Cross’s pivotal role in relief, and (3) community rebuilding. Most
communities impacted in Alabama were rural and had to rely on neighbors for help.
Issues of broken communication, devastation of adjacent communities, communities
being isolated due to damage and debris, and general lack of resources further
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compounded the problem. In central Alabama, tornadoes struck predominantly African
American communities where most homes were poorly built shacks, which potentially
contributed to the great loss of life. These are all facts that weather maps cannot tell but
are important to fully understand the significance of the event.
Interestingly, newspapers describe a second round of severe thunderstorms and
tornadoes across Alabama less than a week after the tornado outbreak. There were seven
fatalities and scores of injuries in Bibb and Chilton counties in Alabama on 27 March
1932 (The Birmingham News, 28 March 1932). Tornadoes struck several of the same
communities that were recovering from the previous week’s outbreak, including Lawley,
Pleasant Grove, Collins Chapel, and Union Grove. The Birmingham News (1932)
reported, “But in the outlying section of Collins Chapel and at Union Grove, where more
than a score were killed last week, most of the few houses left were damaged and
wrecked, and several added to the injured list.” (p. 1)
Long-term trends in 20CR before 1950 are biased due to inhomogeneities because
of the changing density of assimilated observations over time. However, 20CR
sufficiently reproduced the general synoptic pattern of the historic 1932 tornado outbreak.
This supports recent research that has shown that 20CR characterizes synoptic features of
individual storms relatively well (Brönnimann et al. 2012; Meyer et al. 2017; Ernst et al.
2017). The general position and track of the surface low was similar, the minimum
pressure observations were within one mb, and the general isobaric pattern was
comparable between 20CR and instrumental observations. Upper-air data collection was
sparse in 1932 and limited to pibal observations. Pibals were useful in identifying the
approximate locations of synoptic features, but it was impossible to compare these
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observations to 20CR derived upper-air features. However, 20CR upper-air charts
support the observed surface features, and thus, could be good approximations. 20CR
shows potential for reconstructing other historic tornadoes and outbreaks. Yet, future
studies should reference historic weather maps and/or instrumental observations in
conjunction with 20CR.
This paper provides a detailed analysis of the 1932 tornado outbreak, but it has
limitations. First, the low density of instrumental observations limited due surface
analysis. Form 1001 and 1014 include the most detailed observations, but these
observations were only recorded two to three times per day. The limited availability of
these forms is another issue. Several SAO’s only reported observations every 3 hours.
Second, it is possible that this outbreak resulted in tornadoes not noted in this paper,
especially weaker tornadoes. Grazulis (1993) noted a few long-track tornadoes that were
potentially a family of tornadoes. Third, it is possible that historical documents
underestimated loss. Reports potentially underestimated loss following this event
because 1) many areas affected were rural and 2) African American fatalities often went
unpublished in 1932. Fourth, this study limited impact discussions to three tornadoes that
occurred in Alabama.
This paper provides insight into the Southeast’s vulnerability to severe
thunderstorms and tornadoes. The region suffered from another devastating tornado
outbreak nearly 80 years later on 25-28 April 2011. Again, Alabama suffered the greatest
loss. This modern outbreak occurred after decades of increased understanding and
improvement in severe thunderstorm and tornado forecasting. In fact, the Storm
Prediction Center included strongly worded convective outlooks days in advance of the
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April 2011 outbreak. Unfortunately, the region still suffered major loss. Therefore,
future research should use the results of this research and compare the March 1932 and
April 2011 outbreaks. This could further address the region’s vulnerability to severe
thunderstorms and tornadoes.
Historic events contribute to our understanding of variability, but these events
also show a glimpse into future events. The results of this research could assist weather
forecasters and emergency managers in early detection of future tornado outbreaks across
the region. This research could potentially increase public awareness and assist in
providing better warning for future events.
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Chapter 4: Conclusions
This dissertation contributed to the understanding of severe thunderstorm
variability over the Southeast U.S. back to the 1930s and 1940s. The goals of this
research were 1) to extend the current knowledge of severe thunderstorm variability over
the Southeast back to the 1930s and 1940s; 2) to reconstruct a climatology of severe
thunderstorm days; 3) to develop methods that potentially minimize non-climatic
inhomogeneities; and 4) to reconstruct a historic tornado outbreak from the 1930s. To
accomplish these goals, this study first developed a climatology of severe thunderstorm
days using methods that potentially minimize non-climatic inhomogeneities. Second, this
study described the synoptic patterns and impacts of a historic tornado outbreak that
occurred 21-22 March 1932. Historical research methods proved invaluable to verifying
20CR and for providing insight into a historic weather event. This research revealed a
respectable collection of archived newspapers across the Southeast back until at least the
early-to-mid 20th century. The two study objectives and major findings are discussed
below.
Objective 1
The research developed two 90-year climatologies of severe thunderstorm days
over the Southeast U.S., which are likely more reliable and extend back further than
previous records. The significant severe parameter served as a proxy for severe
thunderstorm days, and to test the sensitivity, this study reconstructed time series using
two thresholds. Assessment of both time series included a visual examination, change
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point analysis, and two-proportion z-tests. A further investigation of the time series
involved randomly sampling 30 severe thunderstorm days before and after 1950 and
verifying the sampled days by locating evidence of severe thunderstorms from archived
newspapers and historic severe weather datasets. A monthly proportionally-based bias
correction factor was determined and applied to potentially minimize non-climatic
inhomogeneities in the time series before 1950. Finally, this study evaluated the adjusted
severe thunderstorm day climatologies using an autoregressive conditional Poisson
model. This objective resulted in the following major findings.
•

Analysis detected a significant overcount bias in the time series of severe
thunderstorm days before 1950 for both SEV10000 and SEV20000.

•

The overestimate of severe thunderstorm days before 1950 seems to be due to
a CAPE bias in 20CR, which likely resulted from the convective
parameterization scheme and a large change in observation density.

•

Application of a monthly proportionally-based bias correction factor resulted
in adjusted severe thunderstorm days that potentially minimized
inhomogeneities within the severe thunderstorm climatology.

•

Verification of severe thunderstorm days between severe thunderstorm
environments of SEV10000 and SEV20000 were not statistically distinguished.

Objective 2
This research provided a comprehensive reconstruction of the historic Deep South
tornado outbreak of 21-22 March 1932 from archived instrumental observations and
regional newspapers. This is a notable tornado outbreak because it ranks as one of the
U.S.’ deadliest and occurred during a time when the Weather Bureau (WB) banned the
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word “tornado” from official forecasts. In the early 1940s, the WB initiated a
cooperative project to reanalyze historic daily weather maps at 1300 UTC, which
provided historic meteorological analyses of the tornado outbreak. This dissertation
provided new meteorological analyses by incorporating 48 Surface Airways Observation
(SAO) stations and six stations reporting pibal observations into the analysis. This
allowed for multiple meteorological analyses per day, including analysis every three
hours during the peak outbreak time. An additional examination compared synoptic
features from the new synoptic charts to 20CR. 20CR’s ability to reproduce individual
historic events has significant implications for future research. Further, spatial analysis
of all tornado tracks showed that, though this was a widespread event, the greatest
concentration of tornadoes occurred over Alabama, Georgia, and Tennessee.
Additionally, eight of the ten violent F4 tornadoes occurred in Alabama, thus, analysis of
societal impacts focused on three F4 tornadoes that impacted Alabama. This objective
concluded the following important findings.
•

Analysis of reconstructed synoptic charts from instrumental observations
indicated the general progression and pattern of synoptic features during the
21-22 March 1932 tornado outbreak.

•

20CR sufficiently reproduced the general synoptic pattern of the tornado
outbreak, including the track of the surface low, central pressure observations,
and the isobaric pattern, and 20CR derived upper air charts could conceivably
approximate upper air conditions.

•

The 21-22 March 1932 tornado outbreak ranks as the deadliest known tornado
outbreak to impact Alabama (268 fatalities), and archived newspapers assisted
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in providing insight into how three violent tornadoes (ranked as F4) impacted
communities across the state during and following the event.
Contributions
This research addressed the need for a reliable, homogenous, long-term record of
severe thunderstorms over the Southeast U.S. The resulting severe thunderstorm day
climatology extends back further than previous records and was thoroughly analyzed to
minimize issues with inhomogeneity. As such, it contributes to the current knowledge of
severe thunderstorm variability in the Southeast U.S., especially during the 1930s and
1940s. This work carefully developed methods to test for and minimize inhomogeneities
in the time series of severe thunderstorm days. This was accomplished by verifying a
sample of severe thunderstorm days using historical research methods and archived
documentary data. These methods could potentially be applied in other regions across
North America to develop longer-term records of severe thunderstorm days.
There is a need for reliable, long-term records of severe thunderstorms to evaluate
future responses of severe thunderstorms to climate change under different greenhouse
emission scenarios. This work is a step in that direction. Future research could input this
90-year climatology into climate models to examine the response of severe thunderstorms
in future climates across the Southeast. Previous studies have used climate models to
address this relationship (Trapp et al. 2007; Diffenbaugh et al. 2013; Gensini et al. 2014;
Hodgewind et al. 2017) but had limited baseline periods between the 1960s and 1980s.
Prior investigations found that long-term trends in 20CR were often unreliable
due to non-climatic inhomogeneities, especially before 1950 (Ferguson and Villarini 2012,
2014; Brönnimann et al. 2012). The results of this work found similar issues with trends in 20CR
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before 1950, but this analysis employed methods that attempted to minimize these issues.
Similarly, recent studies examined the ability of 20CR to reproduce individual historic weather
events but have included mixed results. This study evaluated the 21-22 March 1932 tornado
outbreak. The results were inconclusive due to limited surface data, however, 20CR generally
reproduced the synoptic features of this tornado outbreak. Nonetheless, this research contributed
another weather analog event, which could have important implications for future historic tornado
outbreak reconstructions.
This dissertation could benefit weather forecasters, emergency managers, and the
public better address severe thunderstorm vulnerability in the Southeast. Severe weather
can develop year-round in the Southeast but peak seasons occur in spring and autumn.
This climatology could shed more light on this variability and raise awareness to
forecasters and emergency managers. Future research (described in the next section)
could perhaps use this climatology to develop seasonal predictions of severe
thunderstorm days. Finally, the results could potentially assist forecasters in the early
detection of severe thunderstorm days and tornado outbreaks. This, in turn, could lead to
watches and warnings issued to the public.
Limitations
The main limitations of this study result from using a simplistic, two parameter
environmental approach to compute severe thunderstorm days from 20CR. First,
reanalysis lacks the capability to capture frontal boundaries (Brooks et al. 2003;
Diffenbaugh et al. 2013), which is an important ingredient for convective initiation, and
thus, thunderstorm development. This environmental proxy approach actually favors
thunderstorm formation (Brooks et al. 2003), even though thunderstorms may or may not
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form. Second, reanalysis fails to accurately model vertical gradients that are critical to
approximating convective inhibition (Brooks et al. 2003; Trapp et al. 2011), which can
limit thunderstorm development. Therefore, environmental proxies tend to overestimate
favorable environments for severe thunderstorms and tornadoes (Gensini and Walker
2011; Gensini and Brooks 2018), and this climatology of severe thunderstorm days is
likely overestimated.
A possible limitation ensued from the verification of severe thunderstorm days.
This research potentially introduced biases into the results because the number of
sampled years before and after 1950 were not equal (e.g., 25 years before and 65 years
after). The reason for comparing the pre-1950 sample to the 65 years post-1950 was to
capture the full record of severe thunderstorm variability since official observations
began in 1950.
Several limitations emerged from the reconstruction of the 21-22 March 1932
tornado outbreak. First, the low density of instrumental observations limited surface
analysis. Weather Bureau stations reported current surface observations at 0100 and
1300 UTC, and these analyses times resulted in the greatest density of observations.
Unfortunately, observational density was much less during other times of analyses, which
led to estimating the location of synoptic features. Second, it is possible that this study
did not include all tornadoes from this outbreak because many were likely
undocumented. Grazulis (1993) only documented significant tornadoes (i.e., tornadoes
rated F2 or greater on the Fujita scale), so it is conceivable that there were other weaker
undocumented tornadoes. Last, this work limited tornado impact discussions to three
violent tornadoes in Alabama. These three tornadoes mainly impacted rural and
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predominantly African American communities, and thus, newspapers potentially
underestimated loss.
Recommended Future Research
Future research is needed to further investigate the 90-year climatology of severe
thunderstorm days. Previous research has indicated a climate signal between severe
thunderstorms and tornadoes in the southern U.S. at seasonal and subseasonal time scales
to different sources of large-scale climate variability (Cook and Shaefer 2008; Lee et al.
2016; Allen et al. 2015; Lepore et al. 2017; Elsner et al. 2016; Molina et al. 2018). These
relationships have implications for seasonal prediction of severe thunderstorms. The
newly reconstructed severe thunderstorm days climatology needs to be investigated in
relation to the El Niño-Southern Oscillation (ENSO), Pacific Decadal Oscillation (PDO),
Atlantic Multidecadal Oscillation (AMO), Arctic Oscillation (AO), North Atlantic
Oscillation (NAO), and Gulf of Mexico sea surface temperatures. This could provide
insight into the influence of these important sources of climate variability on significant
severe thunderstorm days over the Southeast back to 1925.
The historical research methods used in this study could be applicable to other
regions for the development of long-term records of significant severe thunderstorm
variability. Research has shown potential changes in severe thunderstorms and tornadoes
under a warming climate across the central and eastern U.S. (Trapp et al. 2007, 2009;
Diffenbaugh et al. 2013; Gensini and Brooks 2018). Thus, there is a particular need for
longer-term records of severe thunderstorms across the Great Plains and the Midwest.
The availability of useful archived data to verify severe thunderstorm days appears to be
likely over these other key regions. Future work could provide a more comprehensive
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understanding of past and future severe thunderstorm days on a regional scale. This
would also evaluate long-term trends in 20CR derived CAPE and 0-6km bulk shear over
different regions of the U.S.
Future research should compare the findings of this work regarding the 21-22
March 1932 tornado outbreak with other major outbreaks that have impacted the
Southeast. Gaining the historical perspective of significant events assists in
understanding variability but also shows possibilities of future events. Hamill et al.
(2005) analyzed the 3-11 May 2003 extended tornado outbreak and compared it to
extended outbreaks with similar intensity back to 1916. Their results indicated five
similar events had occurred over their 88 year study period. Previous studies have made
comparisons, albeit brief, between the 3-4 April 1974 and 25-28 April 2011 tornado
outbreaks (Doswell et al. 2012; Simmons and Sutter 2012; Knupp et al. 2014), both of
which affected the Southeast. An opportunity now exists to compare the synoptic
patterns and impacts between the historic 1932 and modern 2011 tornado outbreaks.
Both events had significant impacts over north and central Alabama, and a comparison
may provide a glimpse into future events.
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